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UQinD INK USING AN ACID-BASE CROSSUNKED ORGANOSOL 

TECHNICAL FIELD 

This invention relates to liquid ink conq[)ositions, in particular, to pigments 
^spmed in gel organosols to provide improved ink compositions and liquid toners 
5 for use in ink transfo, ionographic^ electrographic and electrophotognQ)hic printing 
processes. 

BACKGROUND 

Liquid inks are widely used in a variety of printing processes, for example 
of^intagUo, rotogravure, inkjet and electrographic printing. Many of the desired 

10 characteristics of the pigmrat dispersions used in the liquid inks are the same for each 
of the respective processes even though the jfinal ink formulations may be 
substantially different For exan^le, the stability of the pigment diq>ersion both on 
the shelf and under shear conditions is an impoitant consideration r^ardlesg of the 
final use ofthe liquid ink. The art continuously seardiesfiir more stable pigment 

15 dispersions to provide more fl«ibility in ink formulations, i^ch in turn yields better 
efficiency and waste reduction in the various printing processes. 

Electrogrq>hic printing refers to a printing process that uses an q)plied electric 
field and charged particles to produce a printed image on a receptor material. The art 
generally refers to the charged particles as toners. Electrographic printing generally 

20 includes electrostatographic printing, ionographic printing, electrophotographic 

printing and the like. In electrophotographic applications, which include devices such 
as photocopim, laser printers, fitcsimile machines and the like, the toners may be in 
the form of dry particles or particles dispersed in a cmier liquid. Particles dispersed 
in a liquid medium for imaging purposes are generally referred to as liquid inks^ 

25 liquid toners or liquid developers. 

Generally, the electrophotographic process includes the steps of forming a 
latent electrostatic image on a charged photoconductor by exposing the 
photoconductor to radiation in ah imagewise pattern, developing the image by 
contacting the photoconductor with a liquid developer, and finally transferring the 
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image to a receptor. The fimd transfer stq> may be petformed eiA 

incBrectly through an intermediate transport member. The developed image is usually 

subjected to heat and/or pressure to permanemly fiise the image to the recqitor. 

In the field of electrographic printing^ particularly electrophotographic 
5 printing, a variety of both liquid and dry developing compositions have been 

employed to develop the latent electrostatic images. Dry toner compositions suffer 
from a number of disadvantages. For example, dry toners are known to be difficult to 
control during the latent image development and transfer processes; this leads to toner 
scatter within the printer device and may create excessive amounts of dust and 

10 abrasive wear of the printer components. Some dry toner compositions must also be 
fixed by fiising at devated temp^ature, which requires a large source of energy and 
may limit the dioices of receptor materials to vAndk the developed latent image may 
be transferred. Moreover, dry tono^ must be triboelectrically charged, vAich makes 
the printing process very sensitive to both the toiqierature and humidity of the 

15 amUent air and may resuh in printii^ delays due to diargeequiUbration. Thelimited 
particle size of the toner is another disadvantage of dry toners. If the particle uze is 
snudl, the dry toner can become airborne and mate a potential health hazard due to 
inhalation of the particles. On the other hand, the htgec particle sizes make it difficuk 
to obtain high resolution images. 

20 Many of the disadvantages accompanying the use of dry toner compositions 

have beoi avoided by the use of liquid developers or toners. For example, liquid 
tono^ contain smaller particles than dry toners resulting in higher resolution images. 
In addition, liquid toners are not triboelectrically diarged; tho^efore, they are much 
less sensitive to changes in ambient tenq>aature and humidity. Since the toner 

25 particles in a liquid developer are contained within a fluid phase, toner scatter and 
dust accumulation do not occur within the printer. In addition, the particles being 
contained within a liquid matrix will not become airborne thus eliminating the risk of 
inhalation of the partides. 

Liquid tomm typically comprise an electrically insulating liquid that serves as 
30 a carrier for a dispersion of diarged particles known as toner particles composed of a 
colorant and a polymeric binder. A charge control agent is often included as a 
conq)onent of the liquid developer in order to regulate the polarity and magnitude of 
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the charge on the ton^ particles. Liquid toners can be categorized into two primary 
classes, for convenience, the two classes will be referred to as conventional liquid 
toners and organosol toners. 

Of particular utility are the class of liquid toners yAdch make use of self-stable 
5 graft copolymers dispersed in an organic solvent (organosols) as polymeric binders to 
promote self-ftdng of a developed latent image. U.S. Patent Nos. 3,753,760; 
3,900,412; 3,991,226; 4,476,210; 4,789,616; 4,728,983; 4,925.766; 4,946,753; 
4,978,598 and 4,988,602 describe com|)Ositions and uses of graft copolymer 
organosols. Exenq[)lary liquid electrophotographic, pigmented inks rnade using self- 
10 stable graft copolymer organosols are illustrated by Kosel in U.S. 3,900,4 12. 

Self-stable organosols are colloidal (0. 1-1 micron diameter) particles of 
polymeric binder that are typically synthesized by nonaqueous dispersion 
polymerization in a low dielectric hydrocarbon solvent. These organosol particles are 
sterically-stabilized with respect to aggregation by the use of a physically-adsorbed or 

15 chemically-grafted soluble polymer. Details ofthe mechanism of such steric 
stabilization are provided in Nq)per, D JL, Polymeric Stabilization of Colloidal 
DisporsionsL Academic Press, New Yoric, NY, 1983 Procedures for effecting the 
synthesis of self-stable organosols are known to those skilled in the art and are 
described in Dispersion Pp lytngriTj^tf in Organic Media. K E J. Barrett, ed., John 

20 Wiley: NewYork, Ny, 1975. Although it is generally recognized that the sdvation 
of the partide is critical in the fi)nrudon of a dispersiori, none of the fin^d^ 
references recognize the utility of a gel in fimnmg a stable dispersion. 

The most conmionly used non-aqueous dispersion polymerization method is a 
free radical polymerization carried out when one or more ethylenically-iinsaturated 

25 (typically acrylic) monomers, sohible in a hydrocarbon medium, are polymerized in 
the presence of a preformed amphipathic polymer. The preformed amphipathic 
polymer, commonly referred to as the stabilizer, has two distmct ends, one essentially 
insoluble in the hydrocarbon medium, the other freely sohible. When the 
polymerization proceeds to a fractiorud conversion of monomer corresponding to a 

30 critical molecular weight, the solubility limit is exceeded and the polymer precipitates 
from solution, forming a core particle. The amphipathic polymer thm either adsorbs 
onto or covalently bonds to the cor^ which core continues to grow as a discrete 
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particle. The particles continue to grow until monomer is depleted; the adsorbed 
amphipaihic polymer "shell" acts to sterically-stabilize the growing core particles with 
respect to aggregation. The resultiqg core/shell polymer particles comprise a self- 
stable, nonaqueous colloidal dispersion (oiganosol) conqirised of distinct spherical 
5 particles in the ^ (diameter) range 0. 1-0.5 microns. 

The resulting oiganosols can be subsequently converted to liquid toners by 
simple incorpmtion of the colorant (pigment) and duuge director, followed by high 
shear homogenization, ball-milling, attritor milling, high energy bead (sand) milling 
or other means known in the art for efifecting particle size reduction in a dispersion. 

10 The input of mechanical energy to the dispersion during milling acts to break down 
aggregated pigment particles into primary particles (0.05-1.0 micron diameter) and to 
"shred" the organosol into fiagments that adhere to the newly-created pigment 
sur&ce, therd)y acting to sterically-stabilize the pigment particles with respect to 
aggregatioa The^charge director may physically or ctemically adsorb onto the 

15 pigment, the organosol or both. The result is a sterically-stabilized, charged, 

noruuiueous pigment dispersion in the size range 0.1-2.0 microns, with typical toner 
particle diametm between 0. 1-0.5 microns. Such a sterically-stabilized dispersion is 
ideally suited for use in high resolution printing. 

Rapid sdf-fbdng is a aitical requirement for liquid toner perfonnance to 
20 avoid printing defects (sudi a smearing or trailing-edge tailing and incomplete 

transfer in high q>eed printing. A description ofthese types of defects and m^hodsrf 
preventii^ them using fihn forming compositions are described in U.S. Patent Nos. 
5,302,482; 5,061,583; 4,925,766; 4,507,377; and 4,480,022. 

Anotho* important consideration in formulating a liquid toner is the tack of the 
25 image on the final receptor. Ifthe image has a residual tack, then the image may 
become embossed or picked off when placed in contact with another sur&ce. This is 
especially a problem when printed sheets are placed in a stack. If the image is tacky, it 
may transfer to the backside of the adjacent sheet. To address this concern, a film 
laminate or protective byer is ^ically placed over the sur&ce of the image. This 
30 adds both extra cost of materials and extra process steps to apply the protective lay ^. 

It is fiirther known in the art that film-forming liquid tonera fabricated usiiig 

self-stable organosols generally exhibit excellent aggregation stability; however, the 
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sedimentatioji stability of such inks is poor. Once the oomponents of an organosol ink 
have settled, they are generally difficult if not impossible to redisperse to a degree of 
dispersion equivalent to the original, unsettled uik. This situation arises because self- 
stable organosol inks settle into closely packed, dilatant sediments, and irrevosible 
film formation can occur in these sedimmts when the vohune fraction of organosol m 
the sediment exceeds the oitical vohmie fiaction required 
(generally greater than 70 vohune percent organosol). Ifence, there is a need for 
liquid ink conq)ositions that vdll overcome this poor sedimentation and rediapersion 
behavior of organosol inks. 

Attempts have been made to provide liquid developers having improved 
storage and thermal stability using a two component gel/latex system. U.S. Patmt 
Nos. 4,374,918; 4,363,863; 4,306,009; GB 2,066,493; and GB 2,065,320 describe 
liquid developers incorporating polymers having boideriine solubility m the carrier 
solvent. A weakly crosslinked stabiliang gel and a sq>arate latex (or gdatex) are 
used as a diq)ersant and/or fixative. The gel and latex are separate molecular species 
in the ink formulation. That is, the weakly crosslinked gel and latex are not 
covalently bonded to each other. Separate molecular components can lead to 
preferential depletion of one of the two components during extended printing, thus 
adversely effecting print quality. Separate components can also result m a broad 
molecular weight distribution for stabilizing the gel, which may have an advme 
affect on the toner charge diaracteristics. In addition, the separate materials may lead 
to high free phase conductivity. 

Recem attempts have also been made to ovocome the poor sedunentation 
stability of pigmented liquid toners by tephmg the pigment with a dye of 
significantly lower density. U.S. 4,816,370 describes Uquid developers using a 
thermally reveruble, flocculated, dyed organosol U.S. 4,476,210 and 4,762,764 
similariy describe liquid developers using self-stable dyed organosols. The colorants 
used in each ofthese references are dyes rather than pigments. It is well established 
in the art that dyes are less stable to Ught and have a tendency to migrate 
sublime. Even though dyes have mherent advantages, such as transparency of the 
colors and less mterference with the characteristics of the thermoplastic binders, their 
poor light stability often times overrides these advantages. Moreover, because of the 
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^ically low mass of dye molecules relative to pigments^ the diarge/mass of dyed 
tonersbgeneiaUy higher by an order of magmtude than pigmented ton^ Thiscan 
lead to problems in printing dye-based inks to adequate optical density using liquid 
dectiographic development processes. 

5 More recent attempts to address the poor sedimentation and redispmion 

behavior of pigmented organosol inks are described in U.S. 5,698,616 and U.S. 
5,652,282. These patents describe liquid inks that make use of a gel organosol to 
improve the sedimentation and redispersion properties of pigmented inks. The gel 
organosols disclosed in these patents are graft copolymers dispersed in an aliphatic 

10 hydrocarbon carrier solvent. The gel organosols, comprising graft copolymm in 
^ch a high molecular weight polymeric steric stabilizer (graft stabilizer) is 
covalently bonded to an insoluble, high molecular weight thermoplastic polymeric 
core, have the ability to form a three dimensional network of controlled rigidity. The 
gels are formed by manipulating the solubility parameter difference between the graft 

15 stabilizer and the carrier solvent to a range of 2.5-3.0 MPa^^. The gel structures were 
found to inqprove liquid ink performance, particularly pigmented liquid 
dectrographic/electrophotographic ink performance, by increasing the sedimentation 
stability and redispersability of the colorants without compromising print quality, 
charge stability, or ink transfer performance. 

20 Another issue relating to images printed uung liquid inks is irnage durability. 

Durability refers to the redstance of the printed images to damage by blocking when 
printed sheets are stacked, erasure redstance, scratdi resistance and abrasion 
resistance. Goierally, images printed with liquid toners are less durable than images 
printed using dry toners. The lower durability of liquid ink printed images may result 

25 from a variety of reasons known to those skilled in the art These include the 

relatively lower thickness of printed ink films made using liquid toners, the relatively 
lower adhesive strength of some liquid toners to their print recqtors, and the 
relatively lower cohesive strength of some printed liquid toners due to the 
comparatively lower glass transition temperature of the polymeric binders used in 

30 these liquid inks. 

Various methods have been proposed to inq)rove the durability of printed 
images made using liquid toners. In particular, 'U:S. 5,886,067 describes improved 
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durability liquid inks comprising a controlled crystallinity organosol that is not a gel 
organosol The controlled crystallinity organosol comprises an insoluble core and a 
sohible graft stabilizer prepared from a side-chain or main chain crystallizing 
polymeric moiety that independently and reversibly oystallizes at or above 22*C. 
Sudi controlled crystallinity organosols impart improved blocking resistance, erasure 
reustance, and abrasion resistance to liquid inks containing the organosol. Suitable 
crystallizing polymeric moieties for incorporation into a graft stabilizer include >Ci4 
acr^c and methacrylic esters which do not fona gel organosols based upon sohibility 
panmMler difference between graft stabilizor and canier solv^^ 

SlIMMARY OF THE INVENTION 
In one aspect, the mvention features a rapidly self-fixing ink with inqxroved 
sedimentation and redisperuon characteristics usefiil as a liquid toner in ionqgraphic 
or dectrographic (electrophotographic or dectrostatic) imaging and printing 
processes. The ink is comprised ofa polymeric binder in the fi>nn of a graft 
copolymer gd, fimned by add/base interactions^ dispersed in an organic solvit or 
solvent blend having a Kauri-Butanol (KB) number less than 30, and optionally 
contains one or more colorants. Thecolorantsmay take the form of dyes or pigments. 
One or more charge controUing additives may optionally be added to the ink 
formulatioa 

"ICauri-Butanor refm to an ASTM Test M^od Dl 133-54T. The Kauri- 
Butanol Number (KB) is a measure of the tolerance ofa standard solution of kauri 
resin in 1-butanol to an added hydrocarbon diluent and is measured as the volume in 
milliliters (ml) at 2S*C of the solvent required to produce a certain defined degree of 
turbidity when added to 20 g of a standard kauri-l-butanol sohitioa Standard values 
are toluene (KB = 105) and 75% by volume of heptane wiUi 25% by volume toluene 
(KB = 40). There is an approximately linear relationship between the Hildebrand 
solubility parameter and the KB number for hydrocarbons: Hildebrand Solubility 
Parameter (MPa*'^ = 2.0455[6.3 + 0.03KB (ml)]. 

The graft copolymer is comprised ofa sohible or marginally insoluble high 
molecular wdght (co)poIymeric steric stabilizer ("graft stabilizer") covdently bonded 
to an insoluble, high molecular weight tiiermoplastic (co)polymmc backbone 
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Coiganosol core**). The gel is formed by incorporating a low percentage of each of 
two monomer types, acidic and basic monomers, in the graft stabilizer, in the 
oiganosolcor^ or in both the graft stabilizo* and oiganosol core. Theacidicand 
banc monomers form weal^ reversible intermolecular nonrcovalent bonds resulting 
5 from acid/base interactions between dispersed graft copolymer particles^ ibmby 
fbrmmg a gel organosol. 

The gel organosols provide a new approadi to improving the sedimentation 
and redispersion properties of pigmented inks The method of inducing gelation does 
not require manqndation of the rehdve difference in sohtbil ity parameter between the 
1 0 graft stabilizer and the carrier solvent into a range (solubility parameter difference 
greater than 2.S MPa^) that acts to reduce agglomeration stability of the graft 
copolymer. This allows the ink formulator increased flexibility in selection of 
monomer conqponents of the graft stabilizer, as wdl as greater flexibility in carrier 
fluid selectioa 

15 For example, side-chain crystallizable monomers that have a high degree of 

solubility in the carrier solvent may be incorporated into the graft stabilizer without 
sacrificing gelation characteristics. The use of crystallizable polymeric moieties to 
improve the durability of non-gel organosol inks has been disclosed in U.S. 
5,886,067. Heretofore, the use of such oystallizable polymeric moieties at high 

20 weight percotages m a graft stabilizer has prevented the formation of gel organosols 
owing to the relative sohibility parameter diffmnce b^ea the graft stabilizer and 
tiie carrier solvent fidling in tiierai^eofgoodsohibility (0*2.5 MPa^^ It would be 
advantageous to combine the diaracteristics of a gel organosol and a controlled- 
oystallinity organosol into a single graft copolymer conq)osttion. 

25 The acid-base gel organosols are particularly useful for their ability to form a 

three dimensional gel of controlled rigidity that can be revmibly reduced to a fluid 
state by shearing or heating the organosol or an ink conq>osition containing the 
organosol. The gels impart useful properties to the liquid ink, notably improved 
sedimentation stability of the colorant, without compromising print quality or ink 

30 transfer performance. The inks formulated with the gels also exhibit improved 

redispersion characteristics upon settiing, and do not form dilatant sediments such as 
those formed by non-gelled organosol inks. These characteristics of gel inks fiu:ilitate 
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preparation and use of high soHds ink concentrates (greater than 2% by weight solids, 
more preferably greater than 1(W by Wright solidsX thus providii« an 
number of printed pa^ or Images fi(Mn a given volume of ink. 

Hie liquid Inks will be described below with respect to electrophotographic 

printing; however, it is to be understood that these liquid inks are not Umited in their 
utility and may also be employed in other dectrographic printing processes, high 
speed printiog presses, photocopying apparatus, microfilm reproduction devices, 
ftcsimile printing, Inkjet printer, instrument recording devices, and the like. 

DETAILED DESCRIPIION 
A Uquid ink composition is provided comprising a colorant and an gd 
organosol dispersed in a liquid or liquid blend having a Kauri-Butanol (KB) number 
less than 30. The liquid ink composition is resistant to sedimentation and is capable 
of rapidly self-fixing, which is paiticulariy usefid in dectrophotographic, ionographic, 
or electrostatic imaging and convoitional printing processes. 

The gd is an amphipathic copolymeric gd comprised of a sohible or 
marginally insohible high molecular wrigfat (oo)polymeric steric stabilizer which is 
non-covalentlycrosslinked by acid-base interactions and covalently bonded to an 
insohible thermoplastic (co)polymeric core. The covalently bonded graft steric 
stabilizer is nenH»valently crosslinked by acid-base interactions to 
it behaves as an exttemdy high molecular weight copolymer near its Incipient phase 
separation pomt In the dispersantUquld. The non-covalently ciosslinked graft 
stdiillzer remains in a fiedy flowing; easUy handled sohition until the graft stabilizer 
is covdendy bonded to the insohible core^ at whidi point a gd organosol is fijrmed. 

Gel organosols are dispersions in which tiie attractive interactions between the 
elements of the dispersed phase are so strong that tiie whole system develops a rigid 
networic structure and, under small stresses, behaves elastically. The characteristic of 
organosol gelation is visibly apparent to one skilled in the art The non^ovalently 
crosslinked add-base gd organosols rapidly gel to fimn a vohmiinous polymer 
sediment and a substantially dear supernatant hyer of carrier ttquid upon standing. 

Gelation of the graft copolymer organosd is Induced by fi)rmiiig non-covdent 
bonds between a phirdity of graft stabigajfciMuns udng wed^ 
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interactions between an acidic polymerizable compound and a basic polymerizable 
compound. The acidic or basic polymerizable compounds may both be polymerized 
into the organosol shell, or one of the polymerizable compounds may be polymerized 
into the shell, and the other in the core. It is also possible to prepare two separate and 
5 distinct graft copolymer conqxiations^ one containing an acidic or basic 

polymerizable confound in the core or shell, the other containing the basic or acidic 
polymerizable compound in the shell. In this embodiment, gelation would not occur 
until the two organosols were blended together. 

The strength of the gel (and hence sedimentation resistance of the ink) can be 

1 0 readily manipulated by controlling the extent to which the graft stabilizer is non- 
covalently crosslinked. Greater gd strength (greater sedimentation resistance) is 
obtained by increasing the crosslink density (percoitage of acidic or basic 
polymerizable compound) in the graft copolymer. 

Superior stability of the dispersed toner particles with respect to aggregation is 

15 obtained when at least one of the polymers or copolymers (denoted as the stabilizer) is 
an amphipathic substance containing at least one oligomeric or polymeric con^onent 
of molecular weight at least 500 that is solvated by the carrier liquid. In other words, 
the selected stabilizer, if present as an independent molecule, would have some finite 
sohibility in the carrier liquid. 

20 The solubility of a matoial in a given solvent may be predicted from the 

absohite difference in Hildebrand sohibility parameter of the sohite relative to the 
solvent. The solutes will exist as true sohitions or in a higMy solvated state when the 
absohite difference in HUdehrand solubility parameter is less than qyproximately l.S 
MPa^. When the absohite difference in IBldehrand sohibility parameter exceeds 

25 approximately 3.0 MPa^, the solute will phase separate from the dispersant, forming 
a solid, insohible, non*flowing, nonrgelled mass. Those sdutes having an absohite 
difference in Hildebrand sohibility parameters between l.S MPa^ and 3.0 MPa^ are 
considered to be weakly solvated or marginally insohible. 

The sohibility parameters of the graft stabilizers, as well as the carrier liquids 
30 in which the stabilizers are dispersed, are calculated using values for the Ifildebrand 
solubility parameter of the monomers used to prepare the graft stabilizer and the 
carrier liquids obtained using the group contribution method developed by Small, P. 
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A., I Appl, Chgm,, 3, 71 (19S3) using Small's groiq) contributum values listed in 
Table 2.2 on page VIiy52S in the Polymer Hudhnnl,^^ irAVA j i>r.,^«.pjfrp w 
Jmmergut, Eds. John Wiley, NY, PP51W57 (1989). TheHlldehnuidsohibility 
parameter for a copolymer may be calculated usiqg a vobmie fiaction weigbtiiig of 
the individual Hildebnnd solubUHy parameters for each monomer comprising the 
copolymer. Similarly, the HOdebrandsohibility parameter Ibr a mixture may be 
calculated usiqg a vohmie fiaction weigfating of the mdividual Hildebrand sohibUity 
parameters for each component of the mixture. Thus, the Hildebrand sohibility 
imrameter fi>r a inixture of solvoits or potymerizable confounds nu^ be 
usiqg a vohmw fiaction weigbtiqg of the individual Hildebrand sohibility parameters 
fyt eadi chemical compound conprising the solvent mixbm. 

Table 1 lists the ICldetvand sohibility parameters for some common carrier 
liquids used in an electrophotographic toner and the Hildebrand sohibility paiameteis 
and glass transition temperatures fi>r some common monomers used in synthesizing 
organosols. 



Table I Hildebrand Solobilify Panuneten 
Sohrcat Values at 25<'C 



Selveiit 
Commercial Trade 
Desienation 


Kaari-Bataaol Nunber 

byASTMMediod 
D1133-S4T(iiin 


HDdebrand Solubility 
Parameter (MPa*^) 


NOBPARIS 


18 


13.99 


NOBPARIS 


22 


14.24 


N0BPAR12 


23 


14.30 


ISOPARV 


25 


14.42 


EXXSOLD80 


28 


14.60 



Source: Calculated from equation #3 lof PohnnerHanHhnnlr , 3nl Ed, J. 
Brandrup EM. Immogut, Eds. John Wiley, NY, p. VII/522 (1989). 
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Monomo* Vilncs at 2S^C 



Monomer Name 


Hiloeoraad aoluoility 
Parameter (MPa") 


ixriass iraosiuOn 
Temperature (*"€}* 


n-Octadecyl 
Mctiiacryiace 


16.77 


-100 


n-cictaaecyi Acryiate 






uoiryi Metiiacryiate 






Lauryl Acryiate 


10.73 




z-jiuiyiiiexyi 
Methacrylate 


07 

iD.y / 


-10 


2-Ethylhexyl Aoykte 


17.03 


-55 


n-He3^i Methaoyiale 


17.13 


-5 


t-Bu^l Methacrylate 


17.16 


107 


n-Butyl Methacrylate 


17.22 


20 


n-Hexyl Acryiate 


17.30 


-60 


n-Butyl Acryiate 


17.45 


-55 


Ethyl Methacrylate 


17.90 


66 


Ethyl Acryiate 


18.04 


.24 


M^yl Methacrylate 


18.17 


105 


Vinyl Acetate 


19.40 


30 


Methyl Aoylate 


20.2 


5 



Calculated using Small's Clroiq» Contribu^ Method, Small, P.A. Journal of 
A ^ilied Chemistry \ p. 71 (1953). Usiiig Group Contributions fh>m ^fibmSE 
Handbook. 3rd Ed., J. Brandrop E.H Immosut, Eds., John WUey, MY, p. VII/ 525 
(1989). 

* Polvmor Handbook. 3rd Ed., J. Brandrup EJL Immosut, Eds., John Wiley. 
NY, pp. VIl/209-277 (1989). 

The canio' liquid may be selected from a wide variety of m a t e ri als that are 
known in the art, but preferably has a Kauri-Butanol number less than 30. The 
liquid is typically oleophilic^ diemically stable under a variety of conditions, and 
electrically insuUoiqg. Electrically insulating refers to a liquid having a low dielectric 
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oonstamandahighdectricdresistivity^ Preferably, the liquid has a dielectric 
constant ofless than 5, more preferably less than 3. Elecbical resistivities of earner 
liquids are typically greater than 10^ Ohm-cm, more preferably greater than 10^^ 
Ohm-cm. The carrier fiqwd must also be relatively nonviscous to allow 
the diaxged particles during development, and su£Bciemly volatile to pennit its 
removal from the final imaged substrate; but sufiSdently non-vohtile to minimize 
evqyorative losses in the developer. In addition, the carrier liquid should be 
chenucaUy inm ivith respect to the materids or equipment used in the Uquid 
electrophotographic process, particularly the photoreceptor and its release sur&ce. 

Examples of suitable carrier liquids include aliphatic hydrocartK)ns (n-poitane, 
hexane, heptane and the like), cycloaliphatic hydrocaibons (cyclopentane, 
cyclohexane, and the like), aromatic hydrocaibons (benzene, toluene, xylene, and the 
like), halogenated hydrocarbon solvents (chlorinated alkanes, fluorinated alkanes, 
chlorofluorocarbons, and the like), silicone oils, and blends of these solvents. 
Preferred carrier liquids include branched parafiBnic solvent blends such as those 
available under the trade designations ISOPAR G, ISOPARH, ISOPARK, ISOPAR 
L, ISOPAR M and ISOPAR V (all available fiom Exxon Corporation, N3), and most 
preferred carriers are the aliphatic hydrocaibon soh^ent blends such as those available 
under the trade designations NORPAR 12,N0RPAR 13 andNORPAR 15 (all 
available fiom Exxon CorporBtion, NI). 

The organosol is a graft oopolymo- prepaxed by chemically bonding a 
gcneraUy sohible (co)polymer to a generally insohible (co)polymer resin core. Any 
number of reactions known to those skilled in the art may be used to eflFect grafting of 
fte sohible polymeric stabilizer to the organosol core during fi^ radical 
polymerization. Common grafting methods include random grafting of 
polyfimctional free radicals; ring-opening polymerizations of cyclic ethers, esters, 
amides or acetals; q)Oxidations; reactions of hydroxyl or amino chain transfer agmts 
with tenninally-unsaturated end groups; esterification reactions (e.g., glycidyl 
methaoylate undergoes tertiary-amine catalyzed esterification with methacrylic acid); 
and condensation polymerization. 

The coniposition of the graft stabilizer is nonnally selected such thtf 
HHdebrand Solubi% Panuneter of the graft stabflizer (shell) close^^ 
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the carrier fiquid in order to ensure that the stabilizo- will be suflSdently solvated to 
dissolve in the carrier solvent. Virtually any polymerizable compound that exhibits a 
HUdebrand SohiUlity Parameter difference less than 3.0 MPa^ relative to the canri^ 
liquid may be used in forming a graft stabilizer. In addition, polymerizable 
compounds that exhibit a Hildebrand Sohibility Parameter difference greater than 3 .0 
MPa^ relative to the cianier liquid may be used in fimning a copolymeric graft 
stabilizer, provided that the effective Hildebrand Sohibility Parameter difference fi)r 
the stabilizo- is less than 3.0 MPa'^ rdative to the carrier liquid. The absohite 
difference in Hildebrand Sohibility Parameter between the graft stabilize* (shell) and 
the carrier liquid is preferably less than 2.6 MPa^. 

Preferred polymerizable conqKninds usefiil in forming the graft stabilizer are 
the Ce-Cio acrylic and methacrylic esters. Examples of suitable polymorizable 
compounds fiir use in the graft stabilizer composition include monomers such as 
hsxyl acrylate, 2-ethylhexyl acrylate, de^l acrylate» dodecyl (lauryl) acrylate^ 
octadecyl (stear^ aoylate, behenyl acrylate^ hexyl methaaylate» 2- 
ethylhexyl(methacrylateX decyl acrjdate, dodecyl (lauryl) methaaylate, octadecyl 
(stearyl) meduicrylate» and other alkyl acrylates and methacrylates. 

Prefeiiably, the polymerizable compounds are also crystallizable compounds 
having crystallization (melting) temperatures above room temperature (2S''C). Such 
oystallizable, polymerizable compounds are particularly usefiil in forming graft 
stabilizers that yield organosols and inks exhibiting improved image durability, 
including blocking and erasure resistance. Crystallizable, polym^izable compounds 
suitable for incorporation into a graft stabilizer include >Ci4 acrylic and methacrylic 
esters. Preferred crystallizable, polymerizable compounds include octadeqrl acrylate 
and behoiyl acrylate. 

(Mner monomers^ macromers^ or polymera may be used either alone or in 
coigunction with the aforementioned materials^ induding melamine and melamine 
formaldehyde redns, phenol formaldet^de resins, epoxy resins^ polyester rewis^ 
s^ne and styrene/acrylic copolymers, acrylic and methacrylic estm^ cellulose 
acetate and cellulose acetate-butyrate copolymers, and poly(vinyl butyral) 
copolymers. 
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Preferred molecular iwdglit raises for the graft stabiliaw are S»000-1,000,000 
Daltons ODa), more preferably = 50,000*500,000 Da, most preferably » 150,000- 
250,000 Da. The polydiq)ersityofthegnA stabilizer also has u 
and transfer perfbnnanceoftheUquid toners. Generally, it is desirable to nuuntain the 
polydisperaty (the ratio of the ^igfat-average molecular wright to the number 
aver^ molecular weight) of the graft stabilizer bdow 15, more preferably below 5, 
most preferably below 2.5. 

Gelation is induced as a result of to weak attractive forces ariwig fiom the 
electron donor-acc^r inteniction between a Lewis add and a 
described in Allan F. M Barton. Handbook o f Solubility and Other Cohesion 
ParBm^(CRC Press: BocaRaton,FL, 1991 pp. 71-72). lii one embodiment, 
gelation is induced by incorporating both a Lewis acid*functional and aLewis base- 
fimctional polymerizable compound in the graft copolymer organosol. The Lewis 
acid and base-fiinctional polymerizable compounds may be incorporated in the 
organosol core, in the organosol shell (graft stabilizer), or in both the organosol core 
and shell. Pref^biy, the Lewis acid or base-functional polymorizable compound is 
incorporated into the organosol core, and the corresponding Lewis acid or base- 
fimctional polymerizable compound needed to form the Lewis add/base pair is 
incorporated mto the organosol shell (graft stabilize). 

In another embodiment, two distinct organosols are prepared, one with an 
acid-fimctional polymerizable compound in the core and/or shell, and a separate graft 
copolymer organosol with basic-fimctional polymerizable compound in the core 
and/or shell. This approach has the advantage that gebtion will not occur undl the 
two organosols are blended tog^er, or until inks comprising the two distinct 
organosols are blended together. This permits easy h^n4Vmg^ of two self-stable 
organosols until the organosols are combined with a colorant to make a gel ink. 

Suitable Lewis acid polymerizable conq>ounds hiclude acrylic add, 2- 
aaylamido-2-methyl propane sulfi>nic acid, crotonic add, itaconic add, maldc acid, 
methacrylic acid, pentaerythritol dimethaaylate, and 4-vinyl benzoic acid. 

Suitable Lewis base polymerizable compounds include allyl alcohol, allyl 
amine, allyl diethylamine, allyl ethylamine, allyl dimethylamine, allyl hydros^elhyl 
ether, N-allyl piperidine, p-amino styrene, diallyl amine, bis-diallylamino methane, t- 
butylamino methacrylate, diethylaminoethyl mrthacrylate, diall^ methylamine, N,N- 
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diallylmelamine, 2-dimethylaminoethyl m^haoylate, dimethylaminopiopyl 
aoylamide^ 2Hlmiethylaiiiiiio methyl styrene^ S-dimethylamino neopenQrl aoylate, 
2,3Hliliydr0xy propyl acrylate, 2-diisopiopylaiiiinoetliyl methaoylate^ 4-bydroxybutyl 
aoylat^ A-lxydioxybatyl methaoylat^ 2-hydro>7ethyl acrylate, l-hydrcxye^yl 
methacrylate, 2-hydx0xypiopyl aaylatt, 2-hydro}^iopyl methaaylat^ 4-hydroxy 
styiene, vinyl benzene alcohol, vinyl benzene dimethylamine, 2-vinyl pyridine. 4- 
vinyl pyridine and N-vinyl-2-pym)lidone. 

The extent of gelation of the add-base gd organosol may be controlled by 
manipulatiiig the concentration of addic or basic polymerizable compound 
incorporated into the graft copolymer. Generally, a higher concentration of addic or 
basic polymerizable compound leads to a higher apparent oosalink density and 
therefore a stronger gel However, too high a concentration of acidic or basic 
polymerizable monomer will cause the graft copolymer to sdidify into a very high 
molecular wdght, solid-like polymer that is not aiitable for incorporation into a 
crosslinked gel organosol. Preferably, 0. 1-5.0% w/w, more preferably 0.5-4.0% w/w, 
most preferably 1.0-3.0% w/w of each polymaizable compound (acid or base) is 
used. However, the preferred conc^itration range of addic or basic polymerizable 
compound will vary somewhat depending on the q)ecific addic or basic 
polymerizable compound. Preferably, the rdative amount of Lewis acid 
polymerizable compound is stoichiometrically matched by the amount of Lewis base 
polymerizable compound. 

As discussed above, the organosol is a graft copolymer dispersion formed by 

covalently bondmg the graft stabilizer to an insohible redn core. The grafting 

reaction generally occurs between a graftiiig site incorporated into the graft stabilizer 

and a reaction site m the polymerizir^ or polymerized core. Preferably, the grafting 

reaction proceeds by reaction of an isocyanate to a hydroxyl group to form a urethane 

linkage between the stabiluor and the core. The graftirig site is prefmbly formed by 

incorporating hydroxyl groups into the graft stabilizo* during a first firee radical 

polymerization and catalytically reacting all or a poitLon of these hydroxyl groups 

with an ethylenically unsaturated aliphatic isocyanate (e.g. meta- 

isopropenyldimethylbcnzyl isocyanate [TMI] or isocyanatoethylmcthacrylate [lEM]) 

to form a polyurethane linkage during a subsequent non-free radical reaction step. 

The graft stabilizer is then covalently bonded to the nascent insoluble acrylic 
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(co)polymer core via leacticm of the imsabirated vinyl group of the grafting site with 
ethylenicaily-unsatuiated core monomers (e.g. vinyl estm, particularly acrylic and 
methaoylic estm with carbon numbers < 6 or vinyl acetate; vinyl aromatics, such as 
styrene; acrylonitrile; n-vinyl pyrrolidone; vinyl chloride and vinylidene chloride) 
duriqg a subsequ«t fiee radical polymerization step. 

Other methods of effecting grafUi^ of the preformed polymeric stabilizer to 
die incipient insoluble core paiticle are known to those skilled in the art For 
example, alternative grafting protocols are described in sections 3.7-3.8 of Banett 
Dispersion Polymerization in Or^ c Medi > K. E. J. Banett, ed, (John Wiley: New 
York, 1975), pp. 79-106. A particularly useful method for grafting the polymeric 
stabilizCT to the core utilizes an anchoring group. The fimction of the anchoring 
groups is to provide a covalent link between the core part of the particle and the 
sohible component of the steric stabilize. Suitable monomm containing anchoriqg 
groups include: adducts of alkenylazlactone comonomm with an unsaturated 
nucleophile containing hydroxy, amino, or mercaptan groups, such as 2- 
hydroxyethylmethacrylate, 3-hydroxypropylmethaaylate, 2-hydroxyethylacrylate, 
pentaerythritol triaaylate, 4-hydroiqrbutyTOiylethcr, 9-octadecen-l-ol, dnnamyl 
alcohol, allyl mercaptan, methallylamine; and azlactones, such as 2-alkenyM,4- 
dialkylazlactone of the structure 




where = H or alkyl having 1 to 5 carbons, prrferably one carbon, and R* 
are ind^ndenUy lower alkyl groups having 1 to 8 carbons, preferably 1 to 4 carbons. 

Most prcfoably, however, the graftiiQ mechanism is accomplished by 

grafting an etlqrlenically-unsaturated isocyanate (e.g., dimetl^l-m-isopropcnyl 

benzylisocyanate, available from American Cyanamid) to hydroxyl groups previously 

incorporated into the graft stabilize precursor (e.g., hydroxy ethyl methacrylate). 
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The insoluble oiganosol core is the dispersed phase of the graft a^lymtf 
dispersion. The core polymer is generally made in situ by copolymerization with the 
stabilizer monomer. The solubility parameter of the ewe is generally chosen such that 
it differs substantially from that of the diq)er8ion medium in order to ensure that the 
core monomers will phase separate duriqg diqiersion polymerization (forming the 
core). Virtually any monomer or combination of monomers may be used in forming 
the organosol core, provided that the core as a whole is insoluble in the carrier liquid. 
Preferably, the Hildebrand solubility parameter difference between the core as a 
whole and the carrier liquid exceeds 3.0 MPa^. Examples of polymerizable 
compounds suitable for use in the organosol core include C1-C5 acrylate and 
methaoylate esters sudi as, methyl acrylate, ethyl ablate, butyl acrylate, methyl 
methacrylat^ ethyl methaoylateX butyl methacrylate» styrene, and vinyl acetate. 

Monomers that individually are very sohible in the dispersant medmm may 
also be incorporated into the core in small amounts with monomers yAac\ when 
polymerized, are not very sohible in the carrier liquid. The effect of incorporating a 
monomer having good solubility in the carrier liquid into the organosol core will 
generdly be to cause carrier fiquid absorption or swelling of the core. Thiscanbe 
particularly use&l when higher core Tg*s are desired, for example, to improve image 
durability, but when rapid self-fodng of the ink is still required in the imaging 
process. By increasing the afBriityofthe core for the canierUquid, the canierUqw^ 
will be imbibed into the core and may act to plastidze the core, permitdng rapid self- 
fixing of an mk comprising a high core Tg organosol even at temperatures below the 
normal minimum film-forming temparature. 

Preferably, the Hildebrand sohibility parameter difference between the core as 
a whole and the carrier liquid exceeds 3.0 MPa^. The amount of soluble monomer 
incorporated into the core typically ranges between 1-30% wAv, more preferably S- 
20% w/w. Examples of soluble polymerizable conqKnmds suitable for use in the 
organosol core include Cs-Cso acrylate and methaoylate esters sudi as cyclohe^tyl 
acrylate, hexyl acrylate, Z-ethylhe?^! aoylate, dec^l aoybte, dodecyl O^uryl) 
acrylate, octadecyl (stearyl) acrylate, behenyl aoylate, cydohei^l methacr^ate, h^l 
methacrylat^ 2-ethylhexyl(methacrylate), decyl aoylate, dodecyl (laur^) 
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metbacrylate, octadecyl (stearyl) methaciylate» and other aaylates and methaciylates 
^ch meet the sohibility panuneter requiranents described above. 

Li selectu^ polymmzable compounds for use in the organosol core, it is 
necessary to consider not only their e£fect on sohibility pa^^ 
the core and the carder liquid, but also thdr eflfect on the efifecttvegbss transition 
tenq)eratureofthecoreandtheresuhingimpaaonunagingper^^ Preferably, 
the Tg of the core is <3 O'C to allow an ink conqK>sition containing the resin as a 
liiajor component to undergo rapid film formation (rapid self-fixing) in printing or 
imaging processes carried out at tenqieratures greater than the core Tg^ preferably at 

or above 23*C. Rapid self-fixing assists in avoiding printing defects (such as 
smearing or tniiling-edge tailing) and incomplete transfer in high speed printing. The 
use of low Tg thermoplastic polymeric binders to promote film formation is described 
in Z.W. Wicks^ Fibn Fcrmatian. Federation of Sodeties for Coatings Technologies^ p 
8(1986), 

The Tg can be calculated for a (co)polymer usi^g known values for the high 
molecular weight homopolymers (Table Q and the Fox equation eqiressed below: 

l/Tg = wi/Igi + wi/Tga + "w^fTfi + 

where Wi is the weight fi^on of monomer "i" and Tgi is the glass transition 
temperature of the high molecular weight homopolymer of monomer ""i"* as described 
in Wicks, A.W.. F,N. Jones & S.P. Pappas, Organic CoatingSu 1, John Wiley, NY, pp 
54-55 (1992). 

Another reason fiirusiiig polymer partides in \i4uch the core ha^ is 
diat these particles can codesceuito a resinous fihn at nxsmten^)^^ The 
ovetprindi)^ cq)abi% of a toner is related to the ability of the polymor partides to 
defigm and coal e sce into a resinous film during the air drying cyde of the 
dectrojrfioiieticalfydqmited toner partides. The coalescent partides permit the 
decbostatic latmt image to discharge duriiig the tmnfling cyde so another ima^ can be 
overprinted. On the other hand, non-codescem particles retain thdr diape even afie^ 
bdng air dried on the photoreceptor. The pomtsofcontact are then few compared to a 
homogeneous or cratinuous fibn-fonning latex, and as a result, some of the charges are 
retained on the urifiised particle^ repelling the next toner. 
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A toner layer made of polymer particles having a core vnAi a T^3 O^C may be 
made to coalesce into a film at n)om temperature if the ^ 
enoiigiL Tbii5theclx)iceof8tabilizer/(core + stabilize^^ 

can give coalescence at room temperature iwith core Tg val^ 
5 laqge IS^'C to lOST. \^ith a core Tg<30''C tfie prefened raqge of stabilizer/(c(»e + 
stabilize) ratio is 10 to 40 viL%. 

The integrity of the toned image during partial removal of the solvent also 
dq>ends upon the core Tg, with lower Tg promoting film strength and image integrity 
at the cost of additional image tadc. An organosol core Tg below room tenq)erature is 
10 preferred to ensure that the toner will in fact film form. Preferably, the minimum film 
forming ten^oatures are between about S-4S^ and the organosol coreTg is below 
iDom temperature to allow the toner to fi)rm a film and maintain good image integrity 
during solvent removal and good cohesive strength during image transfer fiom the 
photoconductor onto either a transfer medium or receptor. 

15 To yield the best offset transfer efficiency without causing excessive residual 

tack and biodcuqg of the transferred image, an organosol core having a Tg between - 
10 and 20*'C is prdfeired, more preferably between -S and IS^'C. Under constant 
transfer roll pressure conditions^ lower core Tg organosols exhibit 100% transfer at 
lower temperatures than high Tg organosols. The results oftoner transfer testing are 

20 dependentupontheextent of self-fixing or dryness of the toner film. In addition, 
toned images will require some finite drying time in ordo' to allow film formation to 
occur. This drying can be accelerated by using heated air, vacuum drying, an 
electrostatically-biased or unbiased squeegee (to hydraulically remove excess 
dispersant) or other similar methods known in the art, e.g., the system described in 

25 U.S. Patent No. 5,300,990. The rate of film formation (self-fixing) may also be 
accelerated by adding a plasticizer to the toned image to effectively lower the 
minimum film forming temperature. 

Readual inuige tack afieir transfer may be adversely affected by the presence 
ofhigh tack monomers^ such as ethyl aoylate, in the organosol In addition, the 
30 cohesive strength and durability ofthe ink film goieraUy decreases as the oiganos^^ 
core Tg decreases. Ideally, organosol core Tg would be selected to be as high as 
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possible in order to reduce residual tack and uuudmize image durability. However, 
this is often not practical, particulariy for liquid inks used in imaging processes in 
which the inks are required to form a film at room ten^erature. Consequently; 
organosols are generally fornulaM such that the organosol core pref^^ 
glass tran«tion temperature (Tg) less than high room temperature (3 O^C) but greater 

than-lO'C. 

The organosol core comprises approximately 30-95% of the organosol on a 
weight basis. Tfaus^ the core's Tg will typically dominate over the stabilizer's Tg and 

the organosol Tg may be taken as a first approximation to be the core Tg. As 
illustrated supra, a simple algebraic method based iqx>n a conq[x>sition-wrigfated sum 
of invme Tg*s (usiqg absolute tenq)eratures) canbeused to calculate fhe effective Tg 

ofa copolymer blend used to make up an organosol core. Similar arguments allow an 
assumption that the sohibility parameter of the stabilizer will generally control the 
stability of the organosol. Ther^re, the stabilizer solubility paramet^ is preferably 
selected to closely match that of the dispersant for maximum aggregation stability. 

Using the data in Table 1 and applying the above criteria, it is noted that 
polymerizable compounds such as methyl acrylate, etityl acrylate, and vinyl acetate 
are most suitable for incorporation into an organosol am conqniaing a sir^e 
polymerizable compound exclusive of the grafting compound (Tg between -30 and 

3 0<>C and solubility parameter difference relative to the solvents NOSP AR 1 2 greater 
than 3.0 MPa'^. Preferably, the core comprises a copolymer of at least one high 
glass transition tenq)erature polymmzable conspound, such as methyl methaoylate, 
ethyl methacrylate or butyl methacrylat^ and at least one low glass transition 
polymerizable compound such as ethyl aoylate or butyl aoy late. This allows 
variation of the core Tg over a wide range between Tg*s of the respective 
potymerizable compounds by simple variation of the rdative weight ratios of the high 
and low Tg polymerizable compounds, as calculated using the Fox Equation. 

The preferred polymerizable compounds for use in making a copolymer core 
inNOKPAR 12 carrier liquid are methyl methacrylate and ethyl acrylate since these 
monomers individually or in any weight ratio exceed the 3.0 MPa'^ Hildebrand 
sohibility parameter difference relative to NORPAR 12 and will therefore readily 
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£msk an insoluble core in this earner liquid upon polymerization. In addition, ethyl 
acrylate and methyl ihethacrylate permit the variation of the core Tg anywhere withm 
the range -*24X to lOS^ mmly by varying the relative weight ratios of the two 
monomers in the core. 

5 A preferred organosol core composition contains about 75 weight percent 

ethyl acrylate and 25 weight p^cent methyl methacrylate, yielding a calculated core 
Tg of -IT. This permits the toners to rapidly self-fix under normal room temperature 
or higher development conditions and also produce tack-fiee fiised images that resist 
bloddng at room temperature. 

1 0 Other polymers vibich may be used either alone or in coiy unction with the 

aforementioned materials include melamine and melamine formaldehyde resans^ 
phenol formaldehyde resins, epcxy resins, polyester resins^ styme and styrene/aoylic 
copolymers^ acrylic and methacrylic esters, cellulose acetate and cellulose acetate- 
butyrate copolymers^ and poly(vinyl butyral) copolymers. 

15 If the core/shell ratio is too high, there may be insufficient graft stabilizer 

present to sterically stabilize the organosol with respect to aggregation. If the 
core/shell ratio is too low, the polymerization may have insufficient driving force to 
form a distinct particulate phase, resulting in a copolymer solution, not a self-stable 
organosol dispersion. The optimal wdght ratio ofthe resin core to the stabilizer shell 

20 is on the order of 1/1 to 15/1. preferably between 2/1 and 10/1, and most prefmbly 
between4/land8/l. 

The particle nze of the organosol also influences the imaging, drying, and 
transfer characteristics of the liquid inks. Preferably, the primary particle size 
(determined with dynamic light scattering) of the organosol is between about 0.05 and 
25 5.0 microns^ more preferably between 0. 15 and 1 micron, most preferably betwem 
0.20 and 0.50 microns. 

A liquid ink utilizing the aforementioned gel organosol comprises colorant 
particles embedded in the thermoplastic organosol resui. Usefol colorants are well 
known in the ait and indudenurtaials such as dyes^stains» and pigments. Preferred 
30 colorants are pigments that may be incorporated into the polymer resin, are nominally 
msoluble in and nonreactive with the carrier liquid, and are usefol and effective m 
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makiiig visible the latent electrostatic image. Examples of suitable colorants include: 
phthalocyanine bhie (C.L Pigment Blue 15: 1, 15:2, 15:3, 15:4 and 16), monoarylide 
yellow (CX Pigment Yellow 1, 3, 65, 73 and 74^ diarylide yeUow (C.L Pigment 
Yellow 12, 13, 14, 17 and 83), atylamide (Elansa) yeHow (CI Pigment YeUow 10, 
97, 105 and 111), Pigment Yettow 138, azo red (G.L Pigment Red 3, 17, 22, 23, 38, 
48:1, 48:2. 52:1, 81, 81:1, 81:2, 81:3 and 179X quinacridone mi^genta (CX Pigment 
Red 122, 202 and 209) and black pigments such as finely divided caibon (Cabot 
Monarch 120, Cabot Regal 300R, Cabot R^ 350R, Vulcan X72) and the like. 

For some applications, it is desirable to use the organosol without an added 
colorant (dye or pigment) to provide a clear protective overcoat for an underlying 
image on a pennanent receptor. In such cases, the transparent ink may be applied, for 
example, using well-known coating or dectrognq)hic development processes, onto 
either a temporary imaging recq>tor or pennanent imaging receptor. In the event that 
the transparent organosol is applied to a permanent image receptor, the organosol 
should be coated onto the surfitce of the recq)tor and any underlying image in order to 
perform as 8 protective overcoat In the event that the oiganosol is applied to a 
tenqx>rary image receptor, considieration must be given to the reversal of layers that 
occurs duiiqgoffiet transfer processes. Thus, it may be necessary to coat or develop 
the transparent oiganosol as the first layer on a photoreoeptive dement upon vMch a 
multi-colored image is constructed in order to insure that the transparent oiganosol 
acts as a protective topcoat upon offiet transfer of the image to a pennanent image 
receptor. 

The optimal weight ratio of resin (oiganosol) to colorant in the toner partides 
is on the order of 1/1 to 20/1, preferably between 3/1 and 10/1, and most preferably 
between 5/1 and 8/1. The totd dispersed materid in the canicr liquid typically 
iqvesents 0,5 to 70 wdght pocent, preferably between 1 and 25 weight percent, most 
preferably between 2 and 17 weight percent of the totd liquid developer composition. 

The gel organosols have been used to &bricate liquid electrophotographic 
toners that exhibit excellent imaging characteristics in liquid immersion development. 
For example, the gel organosol liquid toners exhibit low bulk conductivity, low fi-ee 
phase conductivity, and low charge/mass and high mobility, dl of which are desirable 
duuacteristics for produdng high resohition, badcground-fiee images with high 

23 



wo 01/79363 



PCT/USOl/10176 



optical density. In particular, the low Imlkconducdvity, low free pluu^ 
and low charge/mass of the toners allow them to achieve high developed optical 
density over a wide raqge of solids concentrations, thus inqxroving their extended 
printing performance relative to conventional toners. In adc&tion, color liquid toners 
made based upon these gd oiganosok on development fixrmtran!i>arent films t^ 
tnmsmit incident light, consequentiy allowiqg the photoomductor layer to disdiaige 

The toners have low Tg vahies with re4>ect to most available toner matmals. 
This enables the toners to form fibns at room temperature. K is not necessary for any 
q>ecific drying procedures or heating elements to be presot in the qqparatus. Normal 
room temperature (19-20^C) is sufficient to enable fihn formiiig, as is the ambient 
internal temperature of the apparatus during operation which tends to be at a higher 
tenq>eratuxe (eg., 2S-40^C) even without specific heating. It is possible to have the 
q>parBtus operate at an intenial temperature of 40X or less at the toning station ^ 
immediately thereafter where a fiisirig operation would ordinarily be located. 

The gel organosol liquid toners also exhibit improved transfer charactmstics 
relative to conventional inks used in the art, particularly with offset transfer processes. 
The rapid-fixing characteristics of the toners permit thdr use in liquid 
development/dry adhesive ofiEset transfer imaging processes^ such as the processes 
described in U.S. 5,650,253 and 5,916,718. Dry adhere transfer eliminates the need 
for coronas or other diarging devices to electrostatically assist transfer of a wet image 
from the imaging surface to the preferred substrate. In addition, dry adhesive transfer 
of tl^ toner fiirther reduces carry-out of excessive solvent vq>ors with the image, as 
would occur with conventional electrostatically-assisted transfer processes. 

An electrophotographic liquid toner may be formulated by incorporating a 
diarge control agent into the liquid ink. The charge control agent, also known as a 
diarge director, pn>videsumform charge polarity of the torierpa^ The charge 
directOT may be incorporated into the toner particles using a variety of methods such 
as chemically reactirig the charge director with the toner particle^ chemically or 
physically adsorbing the charge director onto the tcmer particle (resin or pigment), or 
chelatirig the duurge director to a fiinctional group incorporated into the toner particle. 
A preferred metiiod is via a fimctional group buih into the graft stabilizer. Thecharge 
director imparts an electricd charge ofselected polarity onto the toner particl^^ Aiiy 
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number of chaige directors described in the art may be used. For example, the charge 
director may be introduced in the form of metal salts consistii^ of polyvalent metal 
ions and organic anions as the couhterion. Suitable metal ions mclude BbQX), Ca^ 
MhaO, Zn(n), Zi(IV), Cu(n), Al(ni), QOnX Fe(n), Fe(niX Sb(inX Bi(III). Co(II), 
La(III),Pb(IO,Mg(iaMo(ni),^ AgO), Sr(IIX Sn(IV), V(V), Y(III), andTi(IV). 
Suitable organic anions include caiboxylates or sulfonates deriv^^ 
aromatic caibo^qrlic or sulfonic adds, preferably aliphatic fdUy adds such as stearic 
acid, behenic add, neodecanoic acid, diisoproi^lsalicylic add, octanoic add, abietic 
add, naphthenic acid, octanoic add, lauric acid, tallic acid, and the like. Prefared 
positive charge directors are the metallic carboxylates (so^is) desoibed in U.S. Patent 
3,41 1,936 v^ch mclude alkaline earth- and heavy-metallic salts of fitty acids 
containiqg at least 6-7 carbons and cydic aliphatic adds inchidmg mq>hthenic add; 
more prefored are polyvalent metal soaps of zirconium and ftlnmitiymj most 
preferred is the zirconhim soap of octanoic add (ZSrconium HEX-CEM fiom Mooney 
Ch^cals, Cleveland, OH). 

The preferred charge direction levels for a given toner formulation will depend 
upon a number of fitctors, including the conqK>sition of the graft stabilizer and 
organosol, the molecular weight of the organosol, the particle size of the organosol, 
the core^shell ratio of the organosol, the pigment used in making the toner, and the 
ratio of organosol to pigment. In addition, preferred diarge direction levels will also 
depend upon the nature of the dectrophotogrq>liic imaging process, particularly the 
design ofthedevdoping hardware and photorecqitive element Those skilled in the 
ad, however, knowhow to adjust the levd of duuge direction based on the listed 
parameters to achieve the desired results for thdr particular application. 

The conductivi^ of a liquid toner has bem well established in the art as a 
measure oftheefibcdvmessofa toner mdevdopingdectrophotogri^hic images. A 
raqge of vahies fiom l.QxlO*^^ mho/cm to lO.QxlO'" mho/cm has been disdosed as 
advantageous in U.S. 3,890^0. High conductivities genmlly indicate inefScient 
association of the chaiges on the toner particles and are seen in the low relationship 
between current d^ity and tonor dqx)sited during devdopment. Low conductivities 
indicate little or no diar^g of the toner particles and lead to voy low development 
rates. The use ofchaige director compounds to ensure sufficient chaige associated w^ 
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each paitideb a common practice. ThetehaSi in mem times^ been a realize 
even with the use of diaige ^rectora there can be mudi 1^ 
cfaaiged species in sohition in the earner liquid. Sudichaige produces ineflScimcy, 
instability, and mconsistency m the development U.S. Patent No. 4,925,766 discloses 
5 that at least 409i, and preferably at least 809^ of 
should be situated and remain on the traer partides. 

Suitable efforts to localize the diaiges onto the toner particles and to ensure that 
there is substantially no migration of duurge firom those paitides into the liquid, and that 
no other unwanted charge moiedes are presort in the liquid, give substantial 
10 improvements. A measure ofthe required properties is the ratio between the 

conductivity of the carrier liquid as it ^ipears in the liquid tonor and the conductivity of 
the liquid toner as a whole. This ratio is prefinbly less than 0.6, more preferably less 
than 0.4, and most iM:eferably less than 0.3 . 

Any number of methods may be used for effectipg particle size reduction of 
15 the pigment in preparation ofthe gel liquid toners. Some suitable methods include 
high shear homogenization, ball-inillin& attiitor milling, high energy bead (sand) 
milUng, basket milling, or other means known in the art Preferably, the ink is milled 
in an attritor, vertical bead mill, or basket mill to avoid overshearing the organosol, 
which can cause an undesirable reduction in ink stability and adverady affect charge 
20 characteristics such as ink conductivity. 

Li electrophotographic and electrographic processes, an electrostatic image is 
formed on the sur&ceofaphotoreceptive element or dielectric element. The 
photorecqstive dement or dielectric dement nuy be an intermediate transfer drum or 
beh, or the substrate for the final toned image itself, as described by Schmidt, S. P. 
25 and Larson, J. H inTTynHhrv^knfTmaffnffMateririalMamond, A S., Ed: Marcd 
Dekkcr: New York; Chapter 6, pp 227-252, and U. S. Patent Nos. 4,728,983, 
4,321,404, and 4,268,598. 

In electrography, a latent image is typically formed by (1) placing a charge 
image onto the dielectric element (typically the receiving substrate) in selected areas 
30 ofthe element with an electrostatic writing stylus or its equivalent to form a diarge 
inuige, (2) applying toner to the charge image, and (3) fixing the toned image. An 
example of this type of process is described in U.S. Patent No. 5,262,259. 
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Images fonned by the present inventioii may be of a single color or a plurality 
ofcolors. M]lticolorimagescanbeprq)uedbyrq)etitionoftlw 
ai)plic8tioii steps. Examples of electrophotographic m^ods suitable for producing 
fill! color reproductions are described by U.S. Patent Nos. 2;297,691; 2,752,833; 
2,986,466; 3,690,756; 4,403,848; 4,370,047; 4,467,334; 4,728,983; U.S. 5,650,253; 
U.S. 5,916,718; and European Patent Application No. 0,453,256. Examples of 
suitable transfer and fixing processes are described in U.S. Patent Nos. 4,337,303 and 
5,108,865. 

Li electrophotography, the dectrostatic image is typically formed on a dnmi or 
belt coated with a photoreceptive element by (1) uniformly charging the 
photoreceptive element with an applied vohage, (2) exposing and discharging 
portions of the photorecq)tive element with a radiation source to form a latent image, 
(3) applying a toner to the latoit image to form a toned image, and (4) transferring the 
toned image through one or more steps to a final receptor sheet. In some applications^ 
it is sometimes desirable to fix the toned image using a heated pressure roller or other 
fixing methods known in the art. 

While die electrostatic diarge of eifiier the toner particles or photoreceptive 
element may be either positive or negative, electrophotography is preferably carried 
out by dissipatii^ charge on a pofflttvdy charged photorecqitivedeme^ Toneris 
then applied to the regions in which the positive charge was dissipated usu« a liquid 
toner immeraon development technique. This development may be accomplished by 
using auniform electric field produced by a development electrode spaced near the 
photorecqytive elraient surfice. A bias voltage is applied to the electrode 
intermediate to the initially charged sur&ce voltage and the exposed surfiu:e voltage 
level. The voltage is adjusted to obtain the required maximum density levd 
rq)roduction scale for halftone dots without any background deposited. Liquid toner 
is then caused to flow between the electrode and the photoreceptive element. The 
charged toner particles are mobile in the field and are attracted to the discharged areas 
on the photoreceptive element while being repelled from the undischarged non-image 
areas. Excess liquid toner remaining on the photoreceptive element is removed by 
techniques well known in the art. Thereafter, the photoreceptive element surface may 
be force dried or allowed to dry at the ambient conditions. 
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Particiilarly electEophotogrq>hic processes for forming a multi-colored 
imag^ on a receptor are described in U.S. S»061,S83» U.S. SfiS0J253 and U.S. 
5,916,718. The process disclosed in U.S. 5,650,253 basically involves the steps of CO 
applying a uniform positive diaige of approximately 700 volts onthe surftce of a 
5 photoreceptive elemmt, 00 e3q)o»iig and partially discharging the surfiu:e of the 
photoreceptive demrat with a laser scanning device in an image-vdse pattern to 
create a latent image, (iu) q»plying a liquid color toner to the latent image to form 
both a toned image and auniform surbce charge on the photoreceptive element, ^v) 
removing excess liquid toner, (v) drying the toned image, and (vi) transferring the 
10 tonedimageeitherdirectly or indirectly onto a final recqrtor. To form multi-colored 
images, steps 0) through Qv) are repeated until all the desired colors are formed on 
the photorecq>tive element prior to transfixing the images either directly or indurectly 
onto a final recq>tor. 

The process disclosed in U.S. 5,916,718 is similar to that of U.S. U.S. 

1 5 5,650,253, excq>t that processes (ii) through (v) are rq>eated m forming a multi- 
colored inuge. Unlike conventional electrophotogrq)hic processes, this process of 
forming multi-colored images may be accomplished without erasing the residual 
charge and rechargmg the surfiice of the photoreceptive element prior to scanning and 
developu^ a subsequent image. The liquid toner ofthe present mvention provides 

20 suffident duuge in the imaged areas to allow the creation of a subsequent latent 
image without erasmg and rechargiiig the surfiice. Ahemativdy, the process of U.S. 
5,916,718 may be carried out in a manner such that stq>s 00<vi) are rqie^ 
forming a multi-colored inuige, in v^ch case the multi-colored unage may be built up 
on an intermediate transfer element, or may be built up on the final image recq>tor. 

25 These methods make use ofanoflfset transfer process mcorporating as an 

element an intermediate transfer roller which is coated with a silicone or 
fluorosilicone elastomer conq)Ositioii, which is heated to between 80-100^, and 
^ch applies a force of approximately 40-80 Ibr across the entire contact zone with 
the photorecqrtor. One suitable coating composition for the transfer roller is the Dow 

30 Coming 94-003 fluorosilicone elastomer heated to between 85-95X. Preferred 
elastomeric coating compositions are disclosed in U.S. 5,965,3 14. 
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The substrate for recehdng the image from either the photoreceptive dement 
in etectrophotographic piintiqg or the dielectric element in electrostatic printing can 
be any Gcmmionly used reoqytor nuUerial, such as paper, coat^ 
films and primed or coated polymeric fihns, particulariy adhesive coated polymeric 
films. Suitable pdymeric films include polyesters, plasticized and confounded 
polyvinyl chloride (PVC), aaylics, polyurethanes; polyethylene^acrylic add 
copolymers^ (e.g., oommerdally available under the trade designation SURLYN and 
polyvinyl butyrals. ConmierciallyavaihAleconq)osite materials such as those ha^ 
the trade designations SCOTCHCAL, SCOTCHUTE, and PANAFLEX are also 
suitable for preparing substrates. 

The transfer of the formed image firom the sur&ce of photoreceptor or 
dielectric element to the final receptor or transfer medium may be enhanced by the 
incorporation of a release-promoting material within the disposed particles used to 
form the image. The incorporation of a silicone-containing material or a fluorine- 
containing material in the outer (shell) layer of the particle facilitates the efficient 
transfer of the image. 

In multicolor dectrographic imaging, the toners may be 4q)lied to the smfiice 
of die dielectric element or photoreceptive element m any order, but for colorimetric 
reasons^ bearing in mind the inversion that occurs on transfer, it is sometimes 
preferred to appty the inuiges in a specified ordet depending upon the transparency 
and intensity of the colors. A preferred order for du«ct imaging or double transfer 
process is yellow, magenta, cyan, and bladq for a single transfer process^ the 
preferred order is black, cy^ magenta, and yeUow. YeUow is generaUy imaged first 
to avoid c ont aminat io n from otfao- toners and blade is gaerally imaged last due to the 
black toner acting as a fiher of the radiation source. 

Overcoating of the transferred image may optionally be carried out to protect 

the image fi^om physical damage and/or actinic damage. Compositions for 

overcoatings arc well-known in the art and typically comprise a clear film-forming 

polymer dissolved or suspended in a volatile solvent An ultraviolet light absori>iqg 

agoit may optionally be added to the coating conqx>sition. Lammation of protective 

layers to the irnage-bearing surfice is also weU known in the art and may 
this invention. 
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Ih order to fiinction most dBfectively, liquid toners prefoably have 
conductance vdues in the range of SO to 1200 picomh^ 

concentrations. liquid toners prepared according to the present invention preferably 
have conductance values of from SO to SOO picomho-cm'^ for a dispersion containing 
3%bywdghtsolids. Toners are usuaUyprqpared in a concmtrated&rm to conserve 
storage space and reduce tranq)ortation costs. In order to use the toners in the printer, 
the concentrate is diluted with additional carrier liquid to give what is termed the 
working strength liquid toner. 

The add-base gel organosol provides an e£Scient method for formulating a 
high solids ink. The acid-base gel organosol will phase separate into two phases^ one 
phase comprising primarily a portion of the carrier liquid and the other phase a 
concentrated gd oxganosol dispersion. Once sqiarated, the gel organosol can be 
simply redispersed with mixing or by removal of the separated carrier liquid form a 
concentrate of the dispersioa A high solids ink for printing or rq)lemshment may be 
produced by allowing the organosol to gd and then decanting or aphoning off the 
supernatant liquid, thus forming a concmtrate of the gd polymer in the dispersant 
liquid. Avarietyofabemative methods for concentratiqg the organosol or ink are 
wdl known in the arty such as gravity settling^ centrifogation, fihration, controlled 
flocculation, etc. The canio^ liquid may be removed either prior to or after the 
addition of the pigment and/or diaige director and either before or after milling the 
toner. 

These and other aspects of the present invention are demonstrated in the 
illustrative examples that follow. 

EXAMPLES 

Glossary of Chemical Abbreviations & Chemical Sources 

The following raw materials were used to prqwre the polymers in the 
examples that follow: 

The catalysts used in the examples are Azobisisobutyronitrile (designated as 
AIBN, VAZO-64 available from DuPont Chemicals, Wilmington, DE); and Dibutyi 
Tin Dilaurate (designated as DBTDL, available from Aldrich Chemical Co., 
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Milwaukee, WO. The monomen are aU available fiomSdentific 
&1C., Ontario, NY unless designated otherwise. 

The monomers used in the examples are deagnated by the followipg 
abbreviations: Dimethylaminoethyl methaoylote pMAEMA); Dimetl^l-m- 
isopropenyl benzylisocyanate (TMI, available fiom C YTEC Industries, West 
Paterson, NJ); Ethyl Acrylate (EA); 2.Ethylhcxyl Mcthacrylatc (EHMA); 2- 
Hydroxyethyl Methacry late (HEMA); Laury 1 Mcrthacrylate or Dodecyl Methacrylate 
(LNfA); Methacrylic acid (MAA); Methyl Methacrylate (MMA); and Octadecyl 
Aoylate or Stearyl Acrylate (ODA). 

AnahrticriT^M^nd^ 

The following test m^hods were used to diaracterize the polymers and inks in 
the examples which follow: 

Percent Solids of Graft StabMizer. Omma^l and Li>iil Tnn^ 

Percent solids of the graft stabilizer solutionsi, and the organosol and ink 
dispersions, were determined gravimetiically using a halogen lamp drying oven 
attadmient to a predsion analytical balance (Metder bstruments Inc., Ifightstown, 
NJ). Approximate^ two grams ofsample were used in each determination of pment 
solids using tins sample drydown method. 

Graft StabUizer Molecular Weight 

Varicms properties of the graft stabilizer have been determined to be important 
to the performance of the stabilizer, including molecular weight and molecular weight 
polydispersity. Graft stabilizer molecular weight is normally expressed in terms of 
the weight average molecular weight (Mw). molecular weight polydispersity is 
given by the ratio of the weight average molecular weight to the number average 
molecular weight (M^/N^. Molecular weight parameters were determined for graft 
stabilizers with gel permeation chromatography (GPC) using tetrahydrofiiran as the 
carrier solvent. AbsohiteM^ was determined using a Dawn DSP-F light scatteririg 
detector (Wyatt Technology Coip, Santa Barbara,CA), while polydispersity was 
evaluated by ratioing the measured Mw to a value of determined with an Optilab 
903 differential refiactometer detector (Wyatt Technology Corp, Santa Barbara, CA). 
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Qfganosol particle size was detamined by dynamic light scattering on a 
diluted ton«r sample (typically < 0.0001 g/ml) using a Malvern Zetasizer IDE Photon 
Correlation Spectrometer (MUvernListrum^Inc^Southb^^ Thedilute 
samples wereuttrasonicated for one minute at 100 watts and 20 IdloHz QSz) prior to 
measurem^ Dyiuunic light scattering provides a fiat method of determmin^ 
particle translational diffusion coefiBdent, vMch can be related to the z-average 
particle diameter whhout detailed knowledge of the optical and physical properties 
(i.e. refractive index, density and viscosity) of the organosol. Details of the method 
are descaribed in Chu (Chu, B., Laser Scattering Academic Press, NY 1974, 1 lA). 
Since the organosols are comprised of nearly monodisperse, uniform sphmcal 
particles, dynamic light scattering provides an absohite measure of particle size for 
particles having diameters between 2S-2S00 nm. 

Liquid Toner Properties 

The characterization of a liquid toner requires the measurement of a number of 
physical and chemical properties of the toner, as well as direct evaluation of image 
quality obtained by developing the toner in a LEP imaging mechanism. The 
measured toii^ duuacteristics can be roughly broken down into aze-rela 
properties ^>article size), charge*related properties (bulk and free phase conductivity, 
dynamic mobility and zeta potential, and charge^developed reflectance optical density 
(Q/ROD), a parameter which is directly proportional to the ton^ charge/mass. 

Particle Size 

Toner particle size distributions were determmed using a Hbriba LA-900 las^ 
diffraction particle size analyzer (Horiba Instruments, Inc^Ihdne^ Toner 
samples were diluted q)proximately 1/SOO by vohmie and sonicated for one mmute at 
ISO watts and 20 ISz prior to measurement. Ton^ particle size was expressed on a 
number-average basis in order to provide an indication of the fiindamental (primary) 
particle size of the ink particles. 

Toner Conductivitv 

The liquid toner conductivity (bulk conductivity, kb) was determined at 
approximately 18 Hz using a Scientifica model 627 conductivity meter (Sdentifica 
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Ihstfumeiits, Inc., Princeton, In addMon, the ficeCdispeisant) phase conducti 
0^ in the absence oftoner particles was also detennined. Toner particles were 

removed fix>m the liqmdmiUeu by centrifogation at for 1-2 hours a^ rpm 
(6,110 relative centrifiigal force) in a Jouan MR1822 centrifoge (Winchester, VA). 
The supernatant liqmd was then care&lly decanted, aid tiieconducti^ liquid 
was nieasured using a Sdentifica Model 627 conductance meter. The percentage of 
fiee phase conductivity relative to die bulk toner conductivity was tiien determined as: 
100% (k^). 

PfftifflgMpWity 

Toner particle dectrophoretic mobility (dynamic mobility) was measured 
using a Matec MBS-8000 Electrokinetic Sonic Amplitude Analyzer (Matec Applied 
Sdences, Inc., Bbpldnton, MA). Unlike electrokinetic measurements based upon 
mioroelectrophoresis^ the MBS-8000 instrument has the advantage of requirii^ no 
dihrtionoftiie toner sanq>le in order to obtain tiie mobility vahie. Thus, it was 
possible to measure toner particle dyiuunic mobility at solids concentrations actually 
preferred in printing. The MBS-8000 measures the response of charged particles to 
high fluency (1.2 MHz) ahernating (AC) electric fields. In a high frequency AC 
electric field, the rdative motion between charged toner particles and the surrounding 
dispersion medhun (including counter-ions) generates an ultrasonic wave at the same 
frequency of the applied electric field. The amplitude of this uhrasonic wave at 1.2 
MHz can be measured using a piezoelectric quartz transducer; this electrokinetic 
sonic amplitude (ESA) is directiy proportional to the low field AC dectrophoretic 
mobility of the particles. The particle zeta potential can thm be computed by the 
instrument fix>m the measured dynamic mobility and the known toner particle size, 
dispersant liquid viscosity, and liquid dielectric constant. 

PjtfticleChffgff 

Toner charge/mass is an important, albdt difficult to determine parameter 

usefid in predicting the development characteristics (e.g. optical density, overtoning 

uniformity) for liquid toners. The difficult in determining charge/mass for liquid 

toners arises from the low developed toner mass (typically 50-200 micro grams/cm^) 

associated witii the desired developed optical densities (typically > 1 2 reflectance 

optical density units). A related parameter which is directiy proportional to toner 
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cfaarge/mass is the toner chaige/devdoped Optical This parameter was 

determined by plating ink particles in distinct bands covering a raqge of known 
plating potentials onto a dielectric sheet coated with a ^icone release layer while 
simultaneously monitoring the total curmit flow with a sen^ve electromet^. The 
resulting plated toner layer was then air dried and transferred using an ofi&et tn^^ 
process to plain paper. The reflectance optical density of the completely transferred 
toner film on paper was determined umng a Greteg SPM50 reflectance optical 
den»tometer (Gret% Instruments Inc., Regensdor^ Sitzerland). The ratio of the total 
current to the product of the plated toner area and the developed optical density yields 
the charge/ROD vahie for that toner, i.e. Chaige/ROD » (Total Current)/[(Plated 
AreaXReflectance Optical Density)]. 

Graft Stabilizers 

In the following CTcamples of graft stabilizer preparations, it will be convenient 
to summarize the compositional details of each particular graft stabilizer or graft 
stabilizo* precursor by ratioing the weight p^centage of monomers employed in the 
synthesis. For example, a graft stfd>ilizer designated IMA/HEMA 
%w/w) is made fiom a graft stabilizer precursor that is a copolymer consistiiig of 96% 
wdght percent lAfA and 3% wdght percent HEMA, to which is covale^ 
grafting site consisting of 4.7 weight percent TNfl based on the total weight of the 
graft stabilizer precursor. 

Example 1 

A 3000 ml 3-necked round bottom flask equipped with a condenser, a 
thnnocoi^le connected to a digitd tmq)erature controUer, a nitrogen inl^ 
connected to a source of dry nitrogm, and an ov^liead mechanical agtator, was 
charged with a mixtore of 1468 g of NORPAR 12, 485.0 g of LMA, 16.0 g of 96% 
HEMA^andS.Ogof AIBN. While mechanically stlrriiig the nuxture, the reaction 
flask was purged with dry nitrogen for 30 minutes at a flow rate of approximately 2 
liters/min. A hollow glass stopper was then inserted into the open end of the 
condenser and the nitrogen flow rate was reduced to approximately O.S liters/min. 
The mixture was heated to 70X with stirring, and the mixture was allowed to 
polymerize at 70X for 16 hours, at which time the conversion was quantitative. 
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The mixture viBS heated to 90% and held at that teiq»atuie for 1 hour to 
destroy any residual AIBN, then was cooled back to 70%. The nitrogen inlet tube 
was then removed, and 7. 8 g of 95% DBTDL were added to the mixture^ followed by 
23.SgofTML The TM[ was added drop wise over the course of approxiniately five 
mimites while magnetically stiniqg the reaction mixture. The nitrogen inlet tube was 
rq>laced» the hollow glass stopper in the condenser was removed, and the reaction 
flask was puiged with dry nitrogen for 30 minutes at a flow rate of approximately 2 
liters/min. The hollow glass stopper was reinserted into the open end of the 
condMser and the nitn^ flow rate was reduced to approximately 0. 5 litera/mia 
The niixturo was aUowed to rea(« at 70% for 6 hours, at tiriiich 
was quantitative. 

The mixture was then cooled to room temperature. The cooled mixture was a 
viscous^ Goloriess liquid containing no visible insoluble materiaL The percent solids 
of the liquid mixture was determined as 24.7% using the infrared drying method 
described above. Subsequent determination of molecular weight was made using GPC 
method described above. The copolymer had a Mw of 174.504 Da and a of 
4.24. The pix>duct is a copolymer oflMA and HEMA having random side 
TMI and is designated herein as LMA/EIEMA-TMI (97/3-4.7% w/w). 

Example 2 

Using the method and apparatus of Example 1, 1448 g of NORPAR 12, 485.0 
g of LMA, 16.0 g of 96% HEMA, 15.0 g of MAA, and 5.0 g of AIBN were combined 
in a reaction flask. The resulting mixture reacted at 70*'C for 16 hours. Themfacture 
was heated to 90X for 1 hour to destroy any residual AIBN, then was cooled back to 
70X. To the cooled mixture was then added 7.8 g of 95% DBTDL and 23.S g of 
TML The TMI was added drop wise over the course of q>proximately five muuites 
while magnetically stirring the reaction mixture. Following the procedure of Example 
1, the mixture was reacted at 70''C for approximatdy 6 hours, at which 
conversion was quantitative. The mature was then cooled to room temperature. The 
cooled mixture was a viscous^ coloriess liquid containiqg no visible insohible 
mataial. 

The percent solids of the liquid nuxture was determined as 26.4% using the 
infrared drying method described above. Subsequent determination of molecular 
weight was made using GPC method desaibed above. The copolymer had a of 
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213J19I>aaiidaMM/M«iOfS.Sl. Theiroductisaterpolyma'coiitaiiw 

MAA, and HEMA. having random ^de chains of TNII ami » ■ 

mA/MAA/HENlA-TMI (97/3/3-4.7% wAv). 

Example 3 

5 Using the method and apparatus of Example 1, 1448 g of NORPAR 12, 485.0 

g of LMA» 16.0 g of 96% HEMA, IS.O g of DMAENfA, and S O g of AfflN were 
combined in a reaction flask. The resulting mixture reacted at 70'X: for 16 hours. The 
mixture was heated to 90"^; for 1 hour to destroy any residual AIBN, tiien was cooled 
backto70'X;. To the cooled mixture was then added 7.8 gof9S%DBTDL and 23.S 

10 gofTML The TNfl was added drop wise ovar the course of q)proximately five 

minutes wlule magnetically stirring the reaction mixture. Following the procedure of 
Exanq>le 1, the mixture was reacted at 70X for approximately 6 hours, atiK^ch time 
the conversion was quantitative. The mixture was then cooled to room temperature. 
The cooled mixture was a viscous^ colorless liquid containing no visible insoluble 

15 material. 

The pment solids of the liquid mixture was determined as 25.6% usiiig the 
infrared drying method desoibed above. Subsequent detmnination of molecular 
weight was made using GPC method described above. The copolymer had a of 
185,331 Da and aKWMa of 5.40. The product is a topolymer containing LMA, 
20 DMAEMA, and HEMA having random ude chains of TMI and is designated herdn 
as LMA/DMAEMA/HEMA-TMI (94/3/3^.7% w/w). 

Example 4 

A 16 ounce (0.48 liter), narrow-mouthed glass bottle was charged with 93.2 g 
of NORPAR 12, 30.6 g of ODA, 0.98 g of 96% HEMA, and 0.23 g of AIBN. The 

25 bottle was purged for two minutes with dry nitrogen at a rate of 1.5 liters/min, then 
sealed with a screw cap fitted with a teflon liner. The cap was secured in place using 
electrical tape. The sealed bottle was then inserted into a metal cage assembly and 
installed on the agitator assembly of an Atlas Launder-Qmeter (Atlas Electrical 
Devices Con^iaiiy, Chicago, IL). The Laund^-Ometer was operated at its fixed 

30 agitation speed of42rpm with a water bath tempmture of 70X. The nuxture was 
allowed to reaa for 16 hours, at which time the conversion of monomer to polymer 
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was quantitative. The mixture iras heated to 90T for Ih^ 
AraN, then was cooled to room temperature. The bcmle was thm opened and 0.78 g 
of9S%DBTDL and 2.35 gofTMI were added to the cooled mixture. Thebottlewas 
purged for two minutes with dry nitrogen at arate of qyproximatdy l.S liters/minute^ 
then sealed with a soew cap fitted with a teflon liner. The cap was secured in place 
utir^ electrical tq[)e. The sealed bottle was then inserted into a metal cage assembly 
and installed on the agitator assembly of the Atlas Launder-Ometff. TheLander- 
Oineter was operated at its fixed i^tation speed of 42 rpm with a watOT bath 
temperature of 70%. The niixture was allowed to react for 6 hours, at in^ch time the 
qonversion was quantitative. The nuxture was then cooled to nx>mten^>erature. The 
cooled mixture was a viscous, transparent straw colored sohition that contained no 
insohible solid residues and solidified slowly at room temperature. 

The percent solids of the liquid mixture was determined as 26. 1 % using the 
infifared drying method described above. Subsequent determination of molecular 
weight was made using the GPC method described above. The copolymer had a Mw 
of 152,233 Da and a MJhA^ of 6. 19. The product is a copolymer of ODA and HEMA 
having random side chains of TMI and is designated herein as ODA/EBEMA-TMI 
(94/3^.7% w/w). 

Ex^mpIgS 

Using the method and apparatus of Example 4, 93.2 g ofNORPAR 12, 29.7 g 
of ODA, 0.95 g of DMAENfA, 0.98 g of 9696 HEMA, and 0.23 g of AIBN were 
combined in a reaction bottle and the resuldiig mixture reacted at 70*^:; for 1 6 hours. 
The mfacture was then heated for to 90"^ for 1 hour to destroy any residual AIBN, 
then was cooled to room temperature. To the cooled mixture was then added 0.78 g 
of 95% DBTDL and 2.35 g of TMI, and the mixture heated to 70T and maintained at 
this temperature for 6 hours, after which time the reaction was quantitative. The 
mixture was then cooled to room temperature. The cooled mixture was a viscous, 
straw colored sohition that contained no insoluble solid residues and solidified slowly 
at room temperature. 

The percent solids of the liquid mixture was determined as 26.2% using the 
infrared drying method described above. Subsequent determination of molecular 
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wdght was made ttttng the GK: method desc^^ The copolymer had a 
ofl06.690DaaiidaMw/MBofS.19. ThepioductisaterpolymerofODA, 
DMAEMA, and HEKiA having random side chains of TMI and is designated herein 
as ODA/DMAEMA/HEMA-TMI (94/3/3-4.7% wAv). 

5 Eiamole 6 

Usiqg the method and apparatus of Example 4, 93.2 g of NOKPAR 12, 29.7 g 
of ODA, 0.94 g of MAA, 0.98 g of 96% HEMA, and 0.23 g of AIBN were combined 
in a leaction bottle and the resuhii^mncture reacted at 70^ for 16 The 
mixture was then heated fisr to 90T for 1 hourtodestroy any residual AIBN, then 

10 was cooled to nx>mteiiq)erature. To the cooled mixture was then added 0.78 g of 
9S% DBTDL and 2 .3 S g of TMI, and the nuxbire heated to 70% and maintained at 
this tempmture for 6 hours^ after \)rfuch time the reaction was quantitative. The 
mixture was then cooled to room tenq)erature. The cooled mixture was a viscous^ 
slightly cloudy colorless sohition that contained no insoluble solid residues and 

15 solidified slowly at room temperature. 

The percent solids of the liquid mixture was determined as 25.7% using the 
infrared drying method described above. Subsequent determination of molecular 
weight was not possible due to unsuccessfiil filtration of the solution. The product is 
a terpolymer of ODA, MAA, and HEMA having random side chains of TMI and is 

20 designated herdn as ODA/MAA/EIEMA-TMI (94/3/3-4.7% w/w). 

Exumplf 7 

A SOOO ml 3-necked round bottom iElask equipped with a condensar, a 
thermocouple connected to a digital temperature controller, a nitrogen inlet tube 
connected to a source of dry mtrogen, and an overhead mechanical agitator, was 

25 charged with a mixture of 2563 g of NORPAR 12, 849 g of EEIMA, 27 g of 96% 
HEMA, and 6.6 g of AIBN. Wlule mechanically stirriqg the mixture, the reacdon 
flask was purged with dry nitrogen for 30 minutes at a flow rate of approximately 2 
liters/min. A hollow ghiss stopper was then inserted into the open rad of the 
condenser and the nitrogen flow rate was reduced to approxinuaely O.S liters/min. 

30 The mixture was heated to 70T with stirring, and the mixture was allowed to 
polymerize at 70X for 16 hours^ at which time the conversion was quantitative. 
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The mixture was heated to 90X and held at that 1 hourto 

destroy any i€sidudAraN»thm was cooled back to 70^^ The nitrogn inlet tube 
was then removed, and 13.6 g of 9S% DBTDL were added to the mixture, followed 
by4Ll goflMI. The IME was added drop wise over the course of approximately 
five minutes while magnetically stirrii^ the reaction mixturo. The nitn^ inlet tube 
was rq>Uiced, the hollow glass stopper in the condenser was removed, and the 
reaction flask was puiged with dry nitrogm for 30 niinutes at a flow rate of 
4>proximately21iters/min. The hollow glass stopper was reinserted into the open end 
of the condenser and the nitrogen flow rate was reduced to approximately 0.5 
liters/mia The mixture was allowed to react at 70^ for 6 hours, at which time the 
conversion was quantitative. 

The mixture was then cooled to room tempoBture. The cooled mixture was a 
viscous, colorless liquid containing no visible insoluble material. The percent solids 
of the liquid mixture was det^mined as 25.5% using the infrared drying metiiod 
described above. Subsequentd^enninationof molecular weight was made using 
CPC m^od desoibed above. The copolymer had a Mpr of 220, 197 Da and a M^Ma 
of 3.72. The product is a copolymer of HIMA and HEMA having random side 
chains of TMI and is designated hmin as EHMA/HEMA-TMI (97/3^.7% w/w). 

Example 8 

Usiqg the mediod and q>paratU8 of Example 4, 74.5 g of NORPAR 13, 24.5 g 
of LKfA, 0.78 g of 96% HEMA, and 0.188 g of AIBN were combined in a glass 
bottie, puiged witii nitrogen, and tiie resulting nuxture heated at 70X for 1 6 hours. 
The mixture was tiien heated for to 90% for 1 hourto destroy any residual AIBN, 
thm was cooled to room tenq>erature. To the cooled mixture was then added 0.78 g 
of 95% DBTDL and 2.3 5 g of TMI, and tiie mixture heated to 70% and mutntMnpA at 
this temperature for 6 hours, after wMchtinie the reaction was quantitative. The 
cooled mixture was a viscous, colorless solution that contained no insohible solid 
residues and solidified slowly at room temperature. 

The percent solids of the liquid mixture was determmed as 25. 1% using the 

infiared drying method described above. Subsequent d^ermination of molecular 

weight was made using GPC method described above. The copolymer had a Mw of 

21 1,918 Da and a MJMn of 4.21. The product is a copolymer of LMA and HEMA 
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having random side chains of TMI and is deugnated herein as LNCA/HEMA-TMI 

Emmple 9 

Using the method and apparatus of Example 4. 74.5 g of NORPAR 13, 23.7 g 
5 of LMA, 0.76 g of MAA, 0.78 g of 96% HENfA, and 0.188 g of AIBN were 

conibined in a glass bottle, purged with nitrogen, and the resulting nuxture heated at 
70^C for 16 hours. The mixture was then heated fbr to 90'>C fori hour to destroy any 
rendual AIBN, then was cooled to room tenq>eratur€. To the cooled nuxture was then 
added 0.78 g of 95% DBTDL and 2.35 g of TMI, and the mixture heated to 70^ and 

10 wmi ntflitie fi at this temperature for 6 hours, after i^ch time the reaction was 

quantitative. The cooled nuxture was a viscous^ colorless solution that contained no 
insohible solid residues and solidified slowly at room temperature. 

The percent solids of the liquid mixture was determined as 25.8% using the 
infrared drying method described above. Subsequent determination of molecular 

15 weight was made using CSPC method described above. The copolymer had a Mw of 
232,100 Da and a MJMn of 3.82. The product is a terpolymer of LMA, MAA, and 
HEMA having random side chains of TMI and is designated herein as 
LMA/NIAA/HEMA-TMI (94/3/3-4.7% w/w). 

20 Organosol Examples 

In the following examples of organosol prqiaration, it will be convenient to 
summsrize the composition of each particular organosol in terms of the ratio of the 
total weight of monomera oompridng the oiganosol core relative to the total weight of 
monomera comprisiqg the ofganosol shell. The ratio is refored to as the core/shell 

25 ratio of the organosol. In addition it will be usefiil to summarize the compositional 
details of each particular organosol by ratioing the wdght percentages of monomera 
used to create the diell and the core. For example, an organosol dedgnated 
IMA/DMAENfA/HENfA-TMI//MMA/EA (94/3/3-4.7//25/7S % w/w) is made form 
shell comprised of graft stabilizer precursor which is a terpolymer consisting of 94 

30 weight p^cent of LMA, 3 weight p^cent of DMAEMA and 3 weight pment of 
HEMA, to which is covalendy bonded a grafting site connsting of 4.7 weight percent 
of TMI bases on the total weight of graft stabilizer precursor. The graft stabilize' is 
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covalentfy bonded to a core that is comprised of 25 weight percent MMA and 75 
weight percent of EA. 

Examnte 10 

This ocample uses the graft stabilizer of Example 1 to prepare a self stable 
organosol with a core/shell ratio of 8/1 having acidic groups (NfAA, 1 weight percent 
w/w) in the core. An 8 ounce (0.24 liter), narrow-mouthed glass bottle was charged 
with 83.7 g of NORPAR 12, 8.0 g of EA. 2.7 g of MMA, 0.11 g of MAA (1 weight 
percent w/w), 5.4 g of the graft stabilizer mixture from Example 1 at 24.7%, solids, 
and 0. 1 8 g of AIBN. The bottle was pui;ged for two minutes with dry nitrogen at a 
rate of 1 .5 liters/min, then sealed with a screw cap fitted with a teflon linar. The cap 
was secured in place using electrical tape. The sealed bottle was then insated into a 
metal cage assembly and installed on the agitator assembly of an Atlas Launda- 
Ometer (Atlas Electrical Devices Company, Chicago, IL). The Launder-Ometer was 
operated at its fixed agitation speed of 42 rpm with a water bath temperature of 70''C. 
The rmxture was heated to 70% with agitation and allowed to polymerize at IQPC for 
16 hours^ at iK^ch time the organosol was cooled to room tensperatureyidding an 
opaque white dispersion which did not get. 

This self stable organosol is designated IMA/HEMA-T1^/KIAA/MMA/EA 
(97/3 A.V/msnA % w/w) having a calculated Tg equal to -1^. The percent solids of 
this organosol was determmed as 1 1.5% uarig the halogmdryirig method outlined 
above. Subsequent detonminationofaverage particle size was nuuleusmgtfa^ 
dyruunic light scattering method described above; the organosol had a z-average 
diameter of 263 run. 

Example 11 

This example uses the graft stabilizer of Example 1 to prepare a self stable 
organosol with a core/shell ratio of 8/1, having basic groups (DM/kEMA, 3 weight 
percent w/w) in the core. A 3000 ml 3-necked round bottom flask equipped with an 
overhead mechanical stirrer, condenser, a thermocouple cormected to a digital 
temperature controller, and a nitrogen inlet tube connected to a source of dry nitrogen, 
was charged with a nuxture of 151 1 g of NQRPAR 12, 97.2 g of the graft stabilizer 
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fromExample 1 at 24.7% solids, 47.0gofMNfA, 141.1 gofEA, S.82gQf 
DMAEMA, and 3.24 g of AlBN. While mechanically stining, the reaction flask was 
pufged with dry nitn^en for 30 minutes at aflow rate of approTdmately 2 
liters/minute. The nitrogen flow rate was then adjusted to q)proximatelyO.S 
5 litera/min. The mixture was heated to 70X with stirring, and aUowed to ix>^ 
at 70% for 16 hours at which time the oiganosol was cooled' to room tenqperature. 

Approximately 180 g of n-heptane were added to the cooled organosol and the 
resulting mixture was stripped of residual monomer using a rotary evaporator 
equipped with a dry ice/acetone condenser and operating at a temperature of 

10 and reducing the vacuum gradually so as to maintain an adequate condensate 

collection rate to approximately IS mm Hg. The stripped organosol was cooled to 
room temperature, yielding an opaque y/bite dispersion that did not geL 

This self stable organosol is designated IMA/HEMA- 
TMI//DMAEMA/MMA/EA (97/3-4.7/73/24/73% w/w) having a calculated Tg equal 

15 to-1%. The percent soUdsofthis organosol was detoinined as 16.2% uAiig the 
halogen drying method outlined above. Subsequent determination of average particle 
size was made using the dynamic light scatteririg method described above; the 
organosol had a z-average diameter of 140 rmt 

Examoic 12 

20 This example use the graft stabilizer of Exanqile 3 to prq>are a sdf stable 

organosol with a core/shell ratio of 8/1, having basic groups (DMAEMLA, 3 weight 
pvcoit w/w) in the shell. Usii% the method and apparatus of Example 10, 83.9 g of 
NORPAR 12, 8.1 g of EA, 2.7 g of MMA, 5.2 g of the graft stabilize sobition fit>m 
Example 3 at 25.6% solids, and 0. 18 g of AIBN were combined in a reaction bottie 

25 and the resulting mixture reacted at 70T fi>r 1 6 hours, at i^ch time the organosol 
was cooled to room temperature yielfiiig an opaque vAdte dispersion that did not gd. 

This self stable organosol is designated LMA/DMAEMA/HEMA- 
Tl^/MMA/EA(94/3/3^.7//25/75%w/w)havi^ The 
percent solids of this organosol was determined as 1 1.8% uang the halogen drying 

30 metiiod outiined above. Detmninationofaverage particle size was made using the 
dynamic light scattering metfiod described above; the organosol had a z-average 
diameterof 163 run. 

42 



wo 01/79363 



PCT/USOl/10176 



Emunplfe 13 

This example uses the graft stabilizer of Example 2 to prepare a self stable 
organosol with a core/shell ratio of 8/1, having acidic groups (MAA, 3 wrigfat pm^ent 
w/w) in the shell. Using the method and s^iparatus of Example 11, lS14gof 
NORPAR 12, 144.0 g of EA, 48.0 g of MMA, 90.9 g of the graft stabflizer solution 
fiomBcample 2 at 26.4% solids, and 3.24 g of AIBN were reacted at lO'X: for 16 
hours. After addition ofheptane and removal ofthe residual monomers under 
vacuum, the stripped organosol was cooled to room temperature, yielding an opaque 
white dispersion that did not gel. 

This self stable organosol is designated IMA/KiAA/HENfA-TNOZ/NfMA/EA 
(94/3/3-4.7/725/75 % w/w) having a calculated Tg equal to -IX. The pwccnt solids of 
this organosol was detmnined as 14.5% using the halogen drying method outlined 
above. Det^mination of average particle size was made using the dynamic light 
scattering method described above; the organosol had a z-average diameter of 177 
rmL 

Eiample 14 

This example uses the graft stabilizer of Example 4 to prepare a self stable 
organosol with a core/shell ratio of 8/1 having acidic groups (MAA, 1 weight percent 
w/w) in the core. A 16 oimce (0.48 litCT), narrow-mouthed glass bottle was charged 
with 168. 1 g oif NORPAR 12, 16.0 g of EA, 5.3 g of MMA, 0.22 g of MAA (1 weight 
percent w/w), 10.2 g ofthe graft stabilizer mixture from Example 4 at 26. 1%, solids, 
and 0.36 g of AIBN. The bottle was purged fi>r two minutes with diyiiitrpgen at a 
ntte of 1.5 liters/min, then sealed with a saewcq> fitted Thecqi 
was secured in place using electrical tape. The sealed bottle was then inserted into a 
metal cage assembly and mstalled on the agitator assembly of an Atlas Launder- 
Ometer (Atlas Electrical Devices Company, Chicago, IL). The Launder-Ometer was 
operated at its fixed agitation speed of 42 rpm with a water bath tenqporature of 70X. 
The mixture was heated to 70^ with agitation and allowed to polymerize at 70''C for 
1 6 hours, at which time the organosol was cooled to room temperature yiddmg an 
opaque white dispersion that did not gd. 

This sdf stable organosol is designated ODA/HEMA-TMI//MAA/MMA/EA 
(57/3-4.7//l«5/74 % w/w) having a calculated Tg equal to -IX. The percent solids of 
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this ofganosol was detennined as 1 1.9% uaqg the halo^ diying metbod outlined 
above. Detemunation of average particle nze was made uang the dynamic light 
scatterinig method desoibed above; the oigaiioscd had a z>average diameter of 146 
mh. 

f^amnle IS 

This example uses the graft stabilizer of Example 4 to prepare a self stable 
oiganosol voth a core^shell ratio of 8/1, having basic groups (DMAEMA, 3 wdght 
pocent w/w) in the core. U»ng the method and apparatus of Example 14, 168.4 g of 
N0RPAR12, 15.8 gofEA, 5.2gofMMA, 0.65 gofDMAEMA.(3 weight percent 
w/w), 10.2 g of the graft stabilizer sohition from Example 4 at 26.1% solids, and 0.36 
g of AIBN were combined in a reaction bottle and the resulting mixture reacted at 
70X for 16 hours, at which time the oiganosol was cooled to room temperature 
yielding an opaque v/idtis dispersion that did not geL 

This self stable organosol is designated ODA/HEMA- 
TMI//DMAEMA/MMA/EA (97/3-4.7//3/24/73% w/w) having a calculated Tg equal 
to -1*^. The percent solids of this oiganosol was detmnined as 1 1 .4% u«ng the 
halogen diying method outlined above. Determination of average particle size was 
made u«ng the dynamic light scattering method described above; the oiganosol had a 
z-average£ameterof201 nm. 

Fx«mnte Ifi 

This example uses the graft stabilizer of Example 5 to prepare a self stable 
oiganosol with a core/shell ratio of 8/1, having basic groups (DMAEMA, 3 weight 
percent w/w) in the shell. Uang the method and apparatus of Sample 14, 168.0 g of 
NOKPAR 12, 16.1 g of EA, 5.4 g of MMA, 10.2 g of the graft stabilizer solution from 
Example 5 at 26.2% sdida^ and 0.36 g of AIBN were combined in a reactton bottle 
and the resulting mbcture reacted at 70*€ fi>r 16 hours^ at \<duch time the otganos^ 
was cooled to room temperature yielding an opaque white diq)ersion that did not geL 

This self stable oiganosol is designated ODA/DMAEMA/HEMA- 
TMI//MMA/EA (94/3/3-4.7//25/75 % w/w) having a calculated Tg equal to •I'C. The 
percent solids of this organosol was detennined as 1 1.7% using the halogen diying 
method outlined above. Determination of average particle nze was made using the 

44 



wo 01/79363 



PCTAJSOl/10176 



dynamic light scattering method described above; the organosol had a z-avm(ge 
diameter of 156 nm« 

EiamDie 17 

Tlus example uses the graft stabilizer of Example S to prepare a self stable 
organosol a core^shdl ratio of8/l having acidic groups (NfA^ 1 weight percent 
wAv) and basic groups (DMAEMA, 3 weight percent w/w) in the core and shell, 
respectively. Using the method and apparatus of Example 14, 168.3 g of NORPAR 
12, 16.0 g of EA, 5.3 g of MMA, 0.22 g of MAA (1 weight percent w/w), 10.2 g of 
the graft stabilizer solution fiom Example 5 at 26.2% solids, and 0.36 g of AIBN were 
combined in a reaction bottle and the resulting mixture reacted at TO^C for 16 hours, 
at which time the organosol was cooled to room temperature yielding an opaque white 
dispmion that did not gd. 

This self stable organosol is designated ODA/DMAENfA/EIEMA- 
TMI//MAA/MMA/EA (94/3/3-4.7//1/25/74 % w/w) having a calculated Tg equal to - 
1%. The percCTt solids of this organosol was determined as 1 1 .7% using the halogen 
drying method outlined above. Determination of avoage particle size was made 
using the dynamic light scattering method described above; the organosol had a z- 
average diameter of 248 nm. 

Example 18 

This example uses the graft stabilizer of Example 6 to prepare a self stable 
organosol with a core/shell ratio of 8/1, having acidic groups (NfAA, 3 weight percent 
w/w) in the shell. Using the method and apparatus of Example 14, 167.8 g of 
NORPAR 12. 16. 1 g of EA, 5.4 g of MMA, 10.4 g of the graft stabUizer solution fiom 
Example 6 at 25.7% solids^ and 0.36 g of AIBN were combined in a reaction bottle 
and the resulting mixture reacted at 70X for 16 hours, at i^ch time the organosol 
was cooled to room ten^erature yielding an opaque white dispersion that did not gel. 

This self stable organosol is designated ODA/MAA/HEMA*TMI//MMA/EA 
(94/3/3-4 J/nsns % w/w) havmg a calculated Tg equal to -1«C. The peicent soUds of 
this organosol was determined as 1 1 .5% viaing the halogen drying method outlined 
above. Detmnination of avoage particle size was made using the dynamic light 
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scattfffing method described above; the (organosol had a z-average diameter of 1 SS 
ma 

This example uses the graft stabilizer of Example 8 to prepare a self stable 
5 organosol with a core/shell ratio of 8/1, having basic groups (DMAEMA, 3 weight 
percent w/w) in the core in a solvent having a BSlddirand sohibility parameter lower 
thanthatofNOSPAR12. Using the method and apparatus of Example 10, 84.1 g of 
NORPAR 13, 7.8 g of EA, 2.6 g of MMA, 0.32 g of DMAENfA (3 weight percent 
w/w), 5.3 g of the graft stabilizer sohition fiom Example 8 at 25.1% solids, and 0,18 g 

10 of AIBN were combined in a reaction bottle and the resulting mixture reacted at 70X 
for 16 hours, at which time the organosol was cooled to room temperature yielding an 
opaque white dispersion that did not gd. 

This self stable organosol is designated LMA/HEMA- 
TMI//DMAEMA/MMA/EA (97/3-4.77/3/24/73 % w/w) having a calculated Tg equal 

1$ to -IX. The percent solids of this organosol was determined as 12.0% using the 
halogen drying method outlined above. Determination of avmge particle size was 
made using the dynamic light scatteriiig method desoibed above; the organosol had a 
z-average diameter of 232 rmt 

Example 20 

20 This example uses the graft stabilizer of Example 9 to prepare a self stable 

organosol with a core/shell ratio of 8/1, having acidic groups (MAA, 3 weight percent 
w/w) in the shell in a solvent having a Hildd)nuid sohibility parameter lower than that 
of NOSPAR 12. Ufflng the method and fl|>paratus of Exanqile 10, 84.1 g of NOSPAR 
13, 8.1 g of EA, 2.7 g of MMA, 5.1 g of the graft stabilizer sohition ftomExample 9 

25 at 25.8% solids, and 0. 18 g of AIBN were combined in a reaction bottle and the 
resulting mixture reacted at 70% for 1 6 hours^ at \rtuch time the organosol was 
cooled to room temperature yielding an opaque ixdiite dispersion that did not gel. 

This self stable organosol is designated LMA/MAA/HEMA-TMI//MMA/BA 
(94/3/3-4.7//25/75 % w/w) having a calcuhited Tg equal to -IX. The percent solids of 

30 this organosol was determined as 1 1.6% usiiig the halogen drying method outlined 
above. Determination of average particle size was made using the dynamic light 

46 



wo 01/79363 



PCTAJSOl/10176 



scattering method described above; the organosol had a z*aven^e diameter of 159 
nm. 

This example uses the graft stabilizer of fiounple 2 to prepare a gel oiganosol 
witha core/shdl ratb of 8/1 having both basic groups (DMAENfA, 3 weight percent 
wAv) and addic groups (MAA, 3 weight percent w/w) in the core and shell, 
respectively. Using the method and qiparatus of Example 10, 84.3 g of NOKPAR 12, 
7.9 g of EA, 2.6 g of MMA, 0.32 g of DMAEMA (3 weight percent w/w), 5. 1 g of the 
graft stabilizer solution from Example 2 at 26.4% solids, and 0. 18 g of AIBN were 
combined in a reaction bottle and the resulting mixture reacted at 70X for 16 hours, 
at \^ch time the oiganosol was cooled to room temperature yielding an opaque white 
dispersion that formed a mod^tdy strong gel over a period of 24 hours. 

This gel organosol is designated LMA/MAA/EIEMA- 
TMI//DMAEMA/MMA/EA (94/3/3^.7//3/24/73 % w/w) having a calculated Tg 
equal to -l^C. The percent solids of this organosol was determined as 1 1.8% using 
the halogen drying method outlined above. Accurate determination of average 
particle size was not possible using the dynamic light scattering method described 
owing to Tdpid flocculation of the particles during the time scale of the analysis. 

Examole 22 

This example uses the graft stabilizer of ]&sample 7 to pr^Mue a gel organosol 
with a core/shell ratio of 8/1 having basic groups (DMAEMA, 3 weight percent w/w) 
inthecore. A 16 ounce (0.48 liter), narrow-mouthed glass bottle was charged with 
168.2 g of NORPAR 12, 1S.8 g of EA, 5.23 g of MMA, 0.65 g of DMAEMA (3 
weight percent w/w), 10.46 g of the graft stabilize nuxture from Example 7 at 25.5% 
solids^ and 0.36 g of AIBN. The bottle was purged for two niinutes with dry nitrogen 
at a ntte of 1.5 liters/min, then sealed with a screw cap fitted with a teflon liner. The 
cap was secured in place usmg electrical tq)e. The sealed bottle was then inserted 
into a metal cage assembly and installed on the agitator assembly of an Atlas 
Launder-Ometer (Atlas Electrical Devices Company, Chicago, XL). The Launder- 
Ometer was operated at its fixed agitation speed of 42 rpm witha wato-bath 
temperature of 70X. The mixture was heated to 70T with agitation and allowed to 
polymerize at 70T for 1 6 hours, at vdiich time the organosol was cooled to room 

47 



WO01/793d3 



PCTrtJSOl/10176 



temperature yielding an opaque vAdtt diq^ersion that formed a moderately strong gel 
over 4 hours. 

This gd oiganosol is designated EHKiA/HENfA-TNfl//DM^ 
(97/3^.7/y3/24/73 % w/w) having a calculated Tg equal to -1^. The percent sofids of 
5 this organosol was determined as 1 1.9% uang the halogen drying method outlined 
above. Determination of average particle size was made using the dynamic light 
scattering method described above; the organosol had a z-avmtge diameter of ISS 
nm. 

Example 23 

10 This example uses the graft stabilizer of Example 7 to prepare a gd organosol 

with a core/sheU ratio of 8/1 having acidic groups (MAA, 1 wdght percent w/w) in 
the core. Using the method and apparatus of Example 14, 167.8 g of NORPAR 12, 
16.0 g of EA, 5.33 g of MMA, 0.215 g of MAA (1 weight percent w/wX 10.46 g of 
the graft stabilizor mixture from Exanqple 7 at 25.5% solids, and 0.36 g of AIBN were 

15 combined in a reaction bottle and the resuking mixture reacted at 70X for 16 hours, 
at ^ch time the organosol was cooled to room temperature yielding an opaque white 
diversion that formed a moderatdy strong gel ov^ a period of 2 hours. 

This gd organosol is designated EHMA/HEKfA-TMI//MAA/MMA/EA (97/3* 
AJ/nnSHA % w/w) having a cdculated Tg equd to -IX. The percent solids of this 

20 organosol was determined as 11.6% using the halogen drying method outlined above. 
Accurate determination of average particle size was not possible using the dynamic 
light scattering method described owing to setding of the particles duriAg the time 
scde of the andysis. 

Example 24 

25 20 g of the self stable organosol from Example 10, LMA/HEMA- 

TMWMAA/MMA/EA (97/3-4.7//1/25/74 % w/wX was ndxed with 20 g of the sdf 
stable organosol from Example 1 1, LMA/HEMA-TMI//DMAEMA/MMA/EA (97/3- 
4.7//3/24/73% w/wX in a 4 ounce glass jar. The resultant organosol nuxture formed a 
gel on standing over a period of 24 hours. 

30 Example 25 
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20 g of the self stable cuganosol from Exanqple 14, ODA/EIEMA- 
TMI//NfAA/MMA/EA iSm-AJ/nnsnS % w/wX was mixed ivhh 20 g of the self 
stable organosol from Example IS, ODA/HEMA-ThJn//DMAEMA/MMA/EA (97/3* 
4.7//3^4/73% w/w), in a 4 ounce glass jar. The resultant organosol mbcture fi>rmed a 
gel on standing ovtf a period of 24 hours. 

20 g of the self stable organosol from Exanq>le 12, LMA/DMAEMA/HEMA- 
TMI//MMA/EA (94/3/3-4.7//2S/7S % w/w), was mixed with 20 g of the self stable 
organosol from Example 13, mA/MAA/REl^-Tl^/M^^ (94/3/3-4.7//25/7S 
%w/w), in a 4 ounce glass jar. The resultant organosol mixture formed a gd on 
standing over a period of 24 hours. 

Example 27 

20 g of the self stable organosol from Example 16, ODA/DMAEMA/HENfA- 
TM1//MMA/EA (94/3/3-4.7//2SA7S % w/wX was mbced with 20 g of the self stable 
organosol from Example 18, 0DA/MAA/1JEMA-TMI//MMA/EA (94/3/3-4.77/25/75 
%w/wX in a 4 ounce glass jar. The resultant organosol mixture formed a gel on 
standing over a period of 24 hours. 

Example 2S 

14.8 g of the self stable organosol from Example 11 at 16.2% solids, 
IMA/HEMA-TMI//DMAEMA/MMA/EA (97/3-4.7//3/24/73% w/w), was mixed 
with 16.6 g of the self stable organosol from Example 13 at 14.5% solids, 
IA1A/N1AA/HEMA-TMI//N1MA/EA (94/3/3.4.7//25/75 % w/wX and 8.6 g of 
NORPAR 12 in a 4 ounce glass jar. The resultant oiganosol mixture formed a gel on 
standing over a period of 24 hours. 

Example 29 

20 g of the self stable organosol from Example 18, ODA/HEMA- 
TMI//DMAEMA/MMA/EA (97/3-4.7//3/24/73*^^ 

self stable organosol from Example 15, ODA/E^iAA/HEMA-TMI//MMA/EA (94/3/3- 
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4.7//2S/7S % w/wX ounce glass jar. The resuhant oisanosol oiixture fonned a 
gel on standiqg over a period of 24 hours. 

EnmnleaO 

20 g of the self stable organosol fiom Exanq)le 14, ODA/HEMA- 
mV/hSAAJMMA/EA (97/3-4.7//l/2S/74% wAv), was mixed with 20 g of the sdf 
stable o^anosd fiom Example 16, 0DA/DMAENIA/IIEI^-TM1//MMA/EA. 
(94/3/3-4.7//2S/7S % w/wX in a 4 ounce glass jar. The resultant oiganosol mixture 
formed a weak gd on standing over a period of 72 hours. 

20 g of the self stable oiganosol fiom Example 22, EHMA/HEMA- 
TMI//DMAEMA/MMA/EA (97/3-4.7//3/24/73% wM), was mixed with 20 g of the 
self stable organosol from Example 23, EHMA/H0tIA-TMI//MAAAMMA/EA 
(94/3/3-4.7//1/2S/74 % wAv), in a 4 ounce glass jar. The resultant oiganosol mixture 
formed a veiy strong gel over 1-2 hours. 

Examole 32 

20 g of the self stable organosol from Exanq>le 19, LMA/HEMA- 
TMI//DMAEMA/MMA/EA (97/3-4.7//3y24/73% w/w), was mixed with 20 g of the 
self stable oiganosol from Example 20, LMA/MAA/HEMA-TMI//MMA/EA (94/3/3- 
A.lltlSnS % w/w), in a 4 ounce glass jar. The resultant organosol mixture foimed a 
gd on standing over a period of 24 hours. 

Liquid Toner Examples 
Hie following liquid toner examples were prepared with a gel organosol 
formed by mixing 741 g of LMA/EIEMA-TMI//DMAEMA/MMA/EA (97/3- 
4.77/3/24/73% w/w) at 16.2% soUds with 827 g of LMA/MAA/HEMA- 
TM1//MMA/EA (94/3/3-4.7//25/75 % w/w) at 14.5% soUds^ and 32 g of NOSPAR 12 
to produce the organosol mixture of Example 28 at IS.0% solids. 

Example 33 
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This is an example of prqiaring a cyan liquid toner at an organosol/pigmmt 
ratio of 8 using the above-described gel organosol mixture. The organosol was mixed 
using a Silverson mixer (Nfodel L22R, Silverson machines. Ltd, Watersideip England) 
operated at the lowest speed setting. After mixing for 5 minutes, 213.3 g of the 
5 homogenized organosol were combined with 88.9 g of NOKPAR 12, 4 g of the 
Pigment Blue 15:3 (CI 74160:3; #249*1282, Sun Chemical Company, Cincinnati, 
Ohio), and 3.90 g of 6. 16% Zirconium HEX-CEM solution (OMG chemical 
company, Cleveland, Ohio) in an eight oimce glass jar. This mixture was then milled 
in a O.S liter vertical bead mill (Model 6TSG-1/4, Aimex Co. J.td., Tokyo, Japan) 
10 charged with 390 g of 1 .3mm diameter Potters glass beads (Potters Industries, Inc., 
Paraippany, NJ). The mill was operated at 2000rpm for l.S hours without cooling 
water circulating through the cooling jacket of the milling diamber. 

A portion of this 12% (wAv) solids toner concentrate was diluted to 
approximately 3% (wAv). This dilute toner sample exhibited the following properties 
15 as determined using the test methods described above: 

Number Mean Particle Size: 0.392 microns 
Bulk Conductivity: 84 picoMhos/cm 
Percent Free Phase Conductivity: 8% 
Dynamic Mobility: 0.0277 micron-cm/[Volt-8econd] 
20 Zeta Potential: 62 mV 

This working strength toner was tested on the plating apparatus described 
previously. The reflection optical dennty (ROD) was greater than 0.9 at plating 
voltages greater than 4S0 volts. 

Ex|imple34 

25 This is an example of preparing a yellow liquid toner at an organosol/pigment 

ratio of 6 usiiig the above-desmbed gel organosol mbdure. The organosol was mixed 
using a Silverson mixer (Model L22R, Silverson machines. Ltd, Wat^ude, England) 
operated at the lowest speed setting. After mbdng for 5 minutes, 205.7 g of the 
homogenized organosol inNORPAR 12 were combined with 86.6 g of NORPAR 12, 

30 5. 14 g of Pigment Yellow 83 (CI 21 108;#275-OS70, Sun Chemical Company, 
Cincinnati, Ohio), and 2.S g of 6. 16% Zirconium HEX-CEM sohition (OMG 
diemical company, Cleveland, Ohio) in an eight ounce glass jar. This nuxture was 
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then mUled in a 0.5 liter vertical bead mill (Model 6TSG-1/4, Aimex Co.,Ltd.. Tolgro, 
Japan) charged with 390 g of l.Smm diameter Potters glass beads (Potters Industries, 
&ic.,Pairii>paiiy,MI). The mill was operated at 200Qipmfi»-l.S hours without 
co<4ing water draulating tiirough the coding jadoet of the milling chamber. 

A portion of this 12% (w/w) solids toner concentrate was dihited to 
approximstdy 3% (w/w). Iliis dihite toner sample exhibited the Mowing properties 
as detomined using the test methods described above: 

Number Mean Particle Size: 0.816 mioons 

Bulk Conductivity: 69 picoMhos/cm 

Percent Free Phase Conductinty: 14% 

Dynamic Mobility: 0.0304 micn}n-cm/[Volt-8econd] 

Zeta Potential: 68 mV 
This working strength toner was tested on the phting i^paratus described 
previously. T1ierefiectionopticaldensity(ROD) was greator than 1.3 at plating 
voltages greater than 4S0 volts. 

Eiamiile 35 

This is an exan^)le of preparing a black liquid toner at an organosol/pigment 
ratio of6uring the above-described gel oiganosol mixture. The mganosol was mixed 
using a Silverson nuxer (Model L22R. SUverson machines. Ltd, Waterside, England 
opoated at the lowest setting. After mixing for 5 minutes, 205.7 g of the 
homogenized organosol inNOBPAR 12 were combined with 85.8 g of NOBPAR 12, 
5. 14 g <tf Nfonarch 120 carixm black (Cabot Corporation, Billoica, MiBss.X and 3.34 g 
of 6.16% Zkctmm HEX-CEM solution (OMG chemical company, Clevdand, Ohio) 
in an eight ounce glass jar. This mbcture was then milled in a 0.5 litCTvmtical bead 
mill (Model 6TS&1/4. Aimex Co. JLtd., Tokyo, Japan) charged with 390 g of 1.3mm 
diameter Potten glass beads (Potters Industries, Inc., Parsippany, Nl). The mill was 
operated at 2000ipm fi»r 1.5 houn without cooling water drculating throu^ the 
cooling jadcet of the milling chamber. 

A portion of this 12% (w/w) solids toner concentrate was dihited to 
approximately 3% (w/w). This dihite toner sample exhibited the following properties 
as detennined using the test methods desoibed above: 

Number Mean Paitide Size: 0.288 mioons 
Bulk Conductivity: 96 picoMhos/cm 
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Percent Free Phase Conductivity: 4% 
Dynamic Afobility: 0.0323 micron-cni/[Volt-second] 
ZetaPot«tial:72mV 
This woridng strength tonor was tested on the plating apparatus described 

previously. The reflection optical density (ROD) was greater than 1 .3 at plating 

voltages greater than 450 volts. 

Example 36 

This example illustrates the preparation of a high solids gel organosol fiom a 
preformed low^ solids gel organosol. Such high solids organosols can be used to 
prepare high solids toner concentrates suitable for use as toner replenishments in 
liquid immersion development. 

^proximately 1000 g of the gel oiganosol mixture of Example 28 at 15.0% 
solids was stored without agitation in a two liter wide mouth polyethylene bottle. 
Afte approximately 24 hours, the sanq>le had separated into a lower gel phase and a 
clear supernatant liquid phase consisting essentially of NORPAR 12. The clear 
supernatant liquid was carefiilly decanted, and a sample of the lower gel phase was 
removed. The percent solids ofthis sample of concentrated gd oiganosol was 
determined using the infrared drying method desoibed above. The gel oiganosol 
solids had inareased from 15.0% to 35.1%. The resulting gel oiganosol concentrate 
can be used to prepare of ^ inks at ooncentndons greater than 35% (w/w). 

Examnie 37 

This example illustrates the preparation of a high solids gel ink from a 
preformed lower solids gel ink. This example also illustrates a method for 
additionally reducing the free phase conductivity of such gd ink concentrates relative 
to the starting ink. Sudi high solids inks with reduced free phase conductivity are 
particularly usefiil as toner rq)lenishers in liquid inunerdon devdopment 

Approximately 35 g of the ydlow gd ink at 12.0% solids (1 1% free phase 
conductivity) from Exanq)le 34 was transferred to a 50 ml centrifiige tube and 
centii&ged at SX. for S minutes at 7500rpm (7,640 relative centrifiigd force) in a 
JouanMR1822 centrifiige. The mk separated mto a lower pigmented gd phase and a 
clear supernatant liquid phase consisting ofessentiallyNOKPAR 12. The clear 
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supernatant liquid was carefiiUy decanted, and a sample of the lower gd phase was 
removed. The pment solids ofthis sample of ooncentnitedgdtontf was detennined 
using the infrared drying method desoibed above. The gel toner solids had increased 
from 12.09^ to 28.1%. Approximatdy 10 g ofNORPAR 12 was added to this gel 

5 toner concentrate. The gd concentrate was mixed by shaking the capped centrifiige 
tube. The concentrated gd ink readily ledispersed upon mixing with the added 
NORPAR 12. This sample was ccntrifuged at 5X. for 1 hour at 7500 rpm (7,640 
relative centrifugal force) in the JouanMRl 822 centrifuge. The supernatant was then 
carefully decanted, and the conductivity of this solution was then measured using a 

10 Scientifica Model 627 conductivity meter operating at 12 Hz. The percentage of free 
phase conductivity relative to the bulk toner conductivity was now found to be 
approximately 1.0%. 

A number of embodiments of the invention have been described. 
15 Neverthdess, it will be understood that various modifications may be made without 
dq)artii% from the spirit and scope of the invention. Accordingly, other embodiments 
are within the scope of the fi>llowing dauns. 
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WHAT IS aJUMED IS: 

L A gdoiganosoldiapersion comprising: 

(a) a earner liquid haviqg Kauii-Butaiu>I number less than 30; and 

(b) a graft copolymer conqmsii^ a (Go)polymeric 8^ 
5 covalendy bonded to a thermoplastic (co)pdymeric core th^ 

cairier liquid, 

i^erdn sdd graft cc^lymer comprises Lewis add and 
flmctional groups that interact with eadi other to film non-cov^ 

2. A gel organosol dispersion accordiqg to daim 1 wheidn said diq>ersion 
10 further comprises a colorant 

3. A gel organosol disparsion according to any one of the preceding claims 
wh^ein said graft copolymer comprises Lewis acid-fuiK:tional units selected from the 
group consisting aoylic add, methaoylic acid, 2-aciylamido-2-methyl propane 
sulfonic add, and combmations thereof 

15 4. A gel organosol dispersion according to any one ofthe preceding claims 

wfaerdn said graft copolymer conqirises 0. 1-5% of said Lewis acid-ftinctional units on 
a weight to wdght basis. 

5. A gd organosol dispersion according to any one ofthe precediqg claims 
vAmin said graft copolym^ comprises Lewis base-fimctional units doived from 

20 monomers sdected fix>m the group consisting of t-butylamino methaciylate, 
diethylaminoethyl methaoylatc; 2-dimethylaminoethyl methacrylat^ 
dimethylamiiu>prop^ acrylamide, 2-diisopropylaminoethyl methacrylate, 4- 
hydroigfbutyl aoylate^ 2-hydro^ethyl acrylate, 2-hydroxycthyl methacrylate, 2- 
hydroxypropyl acrylate, 2rhydroxypropyl methaoylate, 2-vinyI pyridine, 4-vinyl 

25 pyridine, N-vinyl pyridine, and combinations thereof 

6. A gel organosol dispersion accordii^ to any one ofthe preceding claims 
wherein said dispermon has a solids content of at least 2% by wdght. 
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7. A gel oiganosol dispersion according to any one of the preceding 
wheiein the Hildebnmd solubility parameter difference between sud stabilizer and 
said oarrier liquid is no greater than 3.0 mPa'^. 

8. A gel organosol dispersion according to daim 2 wherein said colorant 
comprises a pigment 

9. A gel organosol dispersion according to daim 8 wherdn the ratio of sdd graft 
copolymer to said pigment on a wdght to weight basis is between 1/1 and 20/1. 

10. A gel organosol dispersion accordu^ to any one of the preceding claims 
herein said dispersion fiirther comprises a duuge director. 



X 



IHIS PAGE BLANK (USPTO) 



